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INTRODUCTION 

Benthic  assemblages  are  aptly  applied  to  aquatic  bioassessment  since  they  are 
known  to  be  important  indicators  of  stream  ecosystem  health  (Hynes  1970).  Long  lives, 
complex  life  cycles  and  limited  mobility  mean  that  there  is  ample  time  for  the  benthic 
community  to  respond  to  cumulative  effects  of  environmental  perturbations. 
Multimetric  approaches  to  bioassessment  use  attributes  of  the  assemblage  in  an  integrated 
way  to  measure  biotic  integrity,  defined  by  Karr  and  Dudley  as  ". .  .the  ability  of  an 
aquatic  ecosystem  to  support  and  maintain  a  balanced,  integrated,  adaptive  community  of 
organisms  having  a  species  composition,  diversity,  and  functional  organization 
comparable  to  that  of  the  natural  habitats  within  a  region."  The  additive  multimetric 
approach  designed  by  Plafkin  et  al.  (1989)  and  adapted  for  use  in  the  State  of  Montana 
has  been  defined  as  "...  an  array  of  measures  or  metrics  that  individually  provide 
information  on  diverse  biological  attributes,  and  when  integrated,  provide  an  overall 
indication  of  biological  condition."  (Barbour  et  al.  1995).  Community  attributes  that  can 
cr.ntribute  meaningfully  to  interpretation  of  aquatic  data  include  assemblage  structure, 
sensitivity  of  community  members  to  stress  or  pollution,  and  fianctional  traits.  Each 
metric  component  contributes  an  independent  measure  of  the  biotic  integrity  of  a  stream 
site;  combining  the  components  into  a  total  score  reduces  variance  and  increases 
precision  of  the  assessment  (Fore  et  al.  1995).  Effectiveness  of  the  integrated  metrics 
depends  on  the  applicability  of  the  underlying  model,  which  rests  on  a  foundation  of 
three  essential  elements  (Bollman  1998).  The  first  element  is  an  appropriate  stratification 
or  classification  of  stream  sites,  typically,  by  ecoregion.  Second,  metrics  must  be  selected 
based  upon  their  ability  to  accurately  express  biological  condition.  Third,  an  adequate 
assessment  of  habitat  conditions  at  each  site  to  be  studied  must  be  done,  to  assist  in  the 
interpretation  of  metric  outcomes. 

Relevant  habitat  assessment  enhances  the  interpretation  of  biological  data 
(Barbour  and  Stribling  1991),  because  there  is  generally  a  direct  response  of  the 
biological  community  to  habitat  degradation  in  the  absence  of  water  quality  impairment. 
If  biotic  health  appears  more  damaged  than  the  habitat  quality  would  predict,  water 
pollution  by  quantities  of  organic  materials,  nutrients,  metals,  or  other  toxicants  might  be 
suspected.  On  the  other  hand,  an  "artificial"  elevation  of  biotic  condition  in  the  presence 
of  habitat  degradation  may  be  due  to  the  paradoxical  effect  of  mild  nutrient  or  organic 
enricJUnent.  Habitat  assessment  data  is  even  more  important  in  the  plains  ecoregions, 
whefe  the  relationship^  between  habitat  variables  and  benthic  community  characteristics 
remain  largely  unknown. 

This  report  summarizes  data  collected  on  June  6-8,  2000,  fi-om  Big  Muddy 
Creek,  Roosevelt  and  Sheridan  Counties,  Montana  by  means  of  a  multimetric  method,  an 
adaptation  of  the  U.S.  EPA's  Rapid  Bioassessment  Protocols  (RBP  III)  (Plafl<in  et  al. 
1989).  Invertebrates  were  collected  at  three  sites  on  Big  Muddy  Creek  which  is  a 
tributary  of  the  Missouri  River  located  in  the  Northwestern  Glaciated  Plains  ecoregion 
(Omemiketal.1997). 

Selection  of  bioassessment  metrics,  assessment  of  habitat,  and  evaluation  of 
benthic  community  attributes  for  this  study  were  not  straightforward  tasks.  The  standard 
operating  procedures  manual  for  aquatic  invertebrate  sampling  and  analysis  of  the 
Montana  Department  of  Environmental  Quality  (MT  DEQ)  (Bukantis  1998)  recommends 


the  use  often  metrics  for  assessing  biota  of  streams  in  the  Montana  plains  ecoregions, 
and  a  habitat  assessment  incorporating  ten  habitat  measures  thought  to  be  related  to 
disturbance  and  biology  in  streams  with  glide  and  pool  prevalence.  Implicit  in  the 
multimetric  method  and  its  associated  habitat  assessment  is  an  assumption  of  correlative 
relationships  between  disturbance,  habitat  measures,  and  the  biotic  metrics,  in  the 
absence  of  water  quality  impairment.  These  relationships  may  vary  regionally,  requiring 
an  examination  of  independent  measures  of  human-caused  disturbance,  habitat 
assessment  elements,  and  biotic  metrics  and  a  test  of  the  presumed  relationship  between 
them.  Assurance  of  the  validity  of  association  between  disturbance,  habitat  measures,  and 
biotic  metrics  is  particularly  compelling  in  the  Montana  plains  ecoregions  through  which 
Big  Muddy  Creek  flows,  since  impairment  of  the  biotic  health  of  streams  in  this  region  is 
generally  the  result  of  non-point  sources  related  to  human-caused  disturbances. 
Agricultural  activities,  cattle  grazing,  and  flow  alteration  are  predominant  causes  of 
stream  degradation.  The  benthic  assemblages  of  the  plains  ecoregions  and  the 
performance  of  the  recommended  bioassessment  metrics  have  not  yet  been  examined 
thoroughly  enough  to  determine  whether  or  not  the  individual  metrics  or  their  integrated 
scores  can  discriminate  impaired  conditions  from  good  biotic  health.  This  author 
(BoUman  1998)  evaluated  bioassessment  metrics  for  the  Montana  valleys  and  foothill 
prairies  ecoregion.  and  found  that  many  metrics  recommended  for  use  in  that  region  were 
not  accurate  in  discriminating  impaired  irom  unimpaired  conditions. 

In  addition,  relationships  between  human-caused  disturbance  and  the  measures 
comprising  the  habitat  assessment  index  used  in  this  study  are  not  understood,  and  have 
not  yet  been  investigated  in  the  Montana  plains  ecoregions.  Recently,  Fore  and  BoUman 
(2000)  have  studied  the  relationsliips  between  independent  measures  of  disturbance, 
habitat  features,  and  biotic  metrics  for  three  ecoregions  of  Idaho.  This  study  found  that 
many  habitat  assessment  measures  are  either  not  strongly  related  to  human-caused 
disturbance  or  they  do  not  appear  to  have  an  appreciable  etTect  on  biotic  metrics.  Since 
neither  the  habitat  measures  nor  the  bioassessment  metrics  used  at  this  time  in  the 
Montana  plains  ecoregions  have  been  subjected  to  testing  procedures,  it  is  impossible  to 
say  with  certainty  that  the  habitat  measures  used  here  are  associated  with  anthropogenic 
disturbance,  and  further,  whether  those  habitat  measures  are  associated  with  features  of 
the  biological  communities  of  Big  Muddy  Creek  represented  by  the  bioassessment 
metrics.  Therefore,  the  interpretations,  scores,  and  conclusions  presented  in  this  report 
musyiie  considered  tentative,  and  the  data  should  be  reconsidered  in  the  fiiture,  after 
research  has  been  donfe  to  better  elucidate  these  relationships. 
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METHODS 


Aquatic  invertebrates  were  sampled  fiom  twelve  sites  on  Big  Muddy  Creek  on 
June  6-8,  2000  Sampling  site  locations,  identifiers,  and  descriptions  are  given  in  Table 
1 .  Four  sites  from  each  of  three  reaches  of  Big  Muddy  Creek  were  sampled. 

In  addition  to  invertebrate  sample  collection,  habitat  quality  was  visually 
evaluated  at  each  site  and  reported  by  means  of  the  habitat  assessment  protocols 
recommended  by  Bukantis  (1998)  for  streams  with  prevalent  glides  and  pools.  Certain 
other  data  relating  to  habitat  and  water  quality  were  also  collected,  including  water 
temperature,  dissolved  oxygen,  pi  1.  and  conductance.  Invertebrate  samples  and  the 


associated  habitat  data  were  delivered  to  Rhithron  Biological  Associates,  Missoula, 
Montana,  for  laboratory  and  data  analyses. 

In  the  laboratory,  the  RBP  III  sorting  method  was  used  to  obtain 
subsamples  of  300  (+/-  10%)  organisms  from  each  sample  when  possible.  Wlien  samples 
contained  fewer  than  300  total  organisms,  all  invertebrates  present  were  used. 
Community  structure,  function,  and  sensitivity  to  impact  were  characterized  for  each 
subsample  using  a  battery  often  attributes,  or  metrics,  recommended  by  Bukantis  (1998) 
for  streams  of  the  Montana  plains  ecoregions. 

Table  1.  Sampling  site  identifiers,  descriptions  and  locations.  Big  Muddy  Creek, 
June  6-8.  2000. 


Sample 

ID 

Description 

Legal  description 

Latitude  / 
Longitude 

LBM- 

2 

Big  Muddy  Creek:  Robert  Olson 

T28NR55S17SE'/4 

LBM- 

5 

Big  Muddy  Creek:  Farley  Crossing 

T28R54S1 

LBM- 

9 

Manning  Lake  Creek 

T54R29S19NE'/4 

LBM- 

11 

Big  Muddy  Creek:  Jim  Anderson 
range  unit 

T29N  R54E  S4  SE'/4 

MBM 

-4 

Big  Muddy  Creek:  above  Homestead 

T31NR55ES28 

48°  24' 7"/ 

control  dam 

SE'/4SE'/4NE'/4 

104°  33'  14" 

MBM 

-10 

Lower  Wolf  Creek 

T32NR55ES33 

48°  29' 01"/ 

.■>* 

NW'/4  NE'/4  SE'/4 

104°  33'  59" 

(,   MBM 

-15 

Big  Muddy  Creek:  below  Otter 

T33N  R55E  S25 

48°  25'  32"/ 

Creek 

SE'/4  NW%  NW'/4 

104° 28' 01" 

i  MBM 

-18 

Big  Muddy  Creek:  below  Rom 

T34N  R55E  S27 

48°  40'  16"/ 

A''' 

Hedges  bridge 

NW'/4NW'/4SW'/4 

104°  30' 46" 

UBM- 

-1 

Big  Muddy  Creek:  below 

T35N  R55E  S30 

48°  45' 42.17"/ 

Pientywood  lagoons 

NE'/4 

104°  34' 01.23" 

UBM- 

-2 

Big  Muddy  Creek:  upstream 
~  1  mile  from  Pientywood 

48°  06'  47.84"  / 
105°  ir  35.36" 

UBM- 

-15 

Big  Muddy  Creek:  below  East 
Redstone  Road  bridge 

T35N  R52E  S5  NE 

Va 

UBM- 

20 

Beaver  Creek:  Dutch  Henry  Rd. 

T37N  R52E  S25 

48°  55' 49.98"/ 

r 

crossing       r 

SW'/4 

104°  56' 33.08" 

RESULTS 

--\f 

Habitat  Assessment 


Table  2  shows  the  habitat  measures  evaluated,  scores,  and  overall  habitat 
evaluations  for  the  sites  studied.  Figure  1  displays  habitat  assessment  scores  based  on 
these  evaluations  for  the  twelve  sites  on  Big  Muddy  Creek. 

Sites  in  the  upper  Big  Muddy  reach  tended  to  have  higher  overall  habitat 
assessment  scores  than  those  in  either  the  lower  or  middle  reaches.  The  average  score  for 
sites  in  the  upper  reach  was  73%  of  maximum,  while  scores  in  both  the  lower  and  middle 


reaches  averaged  66%.  Still,  the  site  with  the  highest  overall  habitat  assessment  score  was 
site  MBM-10  in  the  middle  reach.  Habitat  at  site  MBM-10  was  judged  optimal,  while 
scores  at  the  eleven  other  sites  on  Big  Muddy  Creek  indicated  sub-optimal  habitat 
conditions. 

Although  every  individual  habitat  measure  varied  considerably  throughout  the 
studied  length  of  Big  Muddy  Creek,  there  were  some  general  downstream-to-upstream 
trends  in  some  of  the  measures.  Fine  sediment  deposition  was  generally  less  prevalent  at 
sites  in  upper  Big  Muddy  Creek  than  in  sites  in  the  lower  and  middle  reaches.  In  addition, 
the  perceived  pool  variability  was  greater  in  the  upper  reach. 

Figure  1.  Total  habitat  assessment  scores,  expressed  as  percent  of  maximum  possible 
score,  for  twelve  sites  on  Big  Muddy  Creek,  June  2000. 


LBM- 

LBM- 

LBM- 

LBM- 

MBM- 

MBM- 

MBM- 

MBM- 

UBM- 

UBM- 

UBM- 

UBM 

2 

5 

9 

11 

4 

10 

15 

18 

1 

2 

15 

20 

/* 


I  ^ 

c  o 

O  GO 

in  (u 


H   2     W) 

c  "S  .S 


GO 


o 


C>0 


m 

c 
o 


%     CO 


03 


>       to       QJ 

^^ 

i?   c    o 


::  ^ 


=  -a 


g 


g- 


(U  w 

en     3 

(D     «  tu 

IJ3  > 

«    o  &> 

s;   <"  ...J 

3   n  t^ 

^    o  !> 

.>-  -^  -^ 

-g   &.^ 

U    ^^ 

"O     ^  <U 

^       ^^ 

•^   "O  c« 

00  lu  u 

o  o 

o  o 

O  (U 

c  C 

.-s    lu  00 


-o 

V.  ^  ^ 

en  u,  CJ 

en  C  C 

IS  5  §) 

i2  o  «J 

T^  _:^  ■*-* 

*^  <2  00 

ii  ^  .S 

C5  t.  O 

r^  e^H  en 


BQ 
5 


05  2 


B5  :£2 


CO  2 


CQ  1- 


CO  — 


CQ  OS 


oo 


o        o 


m  m  o  o  00 


2      2^    "^^ 


o        o 
m  o^  m  r^  vo      z:^        ^ 

_  _  „  „  „     o        o 


o         r-i      (N  uQ  vo  o  oo 


— '         r^i      — ^  00  ^  r-j  r-- 


vo         "*      oovo>oon      — 


VJ3  >0  — 


OO         r- 


m         00 


<N    so    „    oo    O 


<N  oo  o  o  r- 


:=;      OS 


t/-)        r-~ 


1/1  O       ,_    O   O  (O   o 

—  —  ""      OJ      —      —      (-Nl 


o        ^      ,^,  >/^  in  o  o      :~ 


2  <-! 

2  ^ 

2  ^ 

2  ^' 


^     o        o. 


iri   C>  O   O 
—    —    fN    CM 


=»  ^ 


C/2 


oo      _  «o  OQ 

---     ^  <o  D 
oo      '^  r--  c/j 


t-^    ly-i   CQ 

^-'  00  D 
—  in  c/D 


m  >^  CQ 
m  r-;  D 
—  so  00 


r^      D  _  H 

^      2  oo  ?^ 


ir-,  in  m 

—  m  c/D 


«^  O  S 
<-^  §  D 
—  C/2 


^    r^    CQ 
^    =S    ^ 


m 


oo  r; 

C/5 


so    I — ' 
GO 


SO 


ON 
OO 
Os 


.s 


r<-i 

V 

u< 

o 
o 

Cu, 


Os 
I 


00 

CO 

so 

in 

I 

m 


O 


CQ 
P 

^' 

oo 
A 


D. 
O 


O 


Bioassessment 

Macro  invertebrate  taxa  lists,  metric  results  and  other  information  for  each  sample 
are  given  in  the  Appendix. 

The  Montana  Plains  Ecoregions  Reference 

Figure  2  compares  the  total  bioassessment  scores  for  the  twelve  Big  Muddy  Creek 
sites  using  the  Montana  plains  ecoregions  reference,  the  integrated  and  summed  metrics 
developed  by  Montana  DEQ  for  the  plains  ecoregions  of  the  state.  As  described  in  the 
introduction  to  this  report,  bioassessment  metrics  for  these  ecoregions  have  not  been 
established  definitively,  since  their  performance  has  not  yet  been  examined  thoroughly 
enough  to  determine  whether  or  not  the  individual  metrics  or  their  integrated  scores  can 
discriminate  impaired  conditions  from  good  biotic  health. 


Figure  2.  Total  bioassessment  scores,  based  on  Montana  DEQ's  Montana  plains 
ecoregion  reference,  for  twelve  sites  on  Big  Muddy  Creek,  June  2000.  Scores  are 
expressed  as  percent  of  maximum  possible  score. 


LBM-    LBM-    LBM-    LBM-   MBM-  MBM-  MBM-  MBM-  UBM-    UBM-   UBM-    UBM- 
2  5  9  11  4  10  15  18  1  2  15  20 


Table  3  summarizes  the  metric  battery  and  scoring  criteria  used  in  the  plains 
ecoregional  reference  method  recommended  by  Montana  DEQ,  and  Table  4  shows 
criteria  for  assignment  of  use-support  categories.  Breakdown  of  scores  for  each  metric 
calculated  from  the  Big  Muddy  Creek  samples  is  presented  in  Table  5. 

Bioassessment  scores  calculated  from  the  metrics  used  in  this  method  suggest  that 
all  sites  on  Big  Muddy  Creek  violate  water  and/or  habitat  quality  standards,  and  that 


designated  uses  are  partially  supported.  The  protocol  would  categorize  all  studied  sites  on 
Big  Muddy  Creek  as  moderately  impaired.  There  appears  to  be  a  general  trend  for 
improvement  in  bioassessment  scores  in  a  downstream-to-upstream  direction.  Site  MBM- 
4  is  unusual  among  lower  and  middle  reach  sites;  the  bioassessment  score  calculated  for 
that  community  was  as  high  as  the  scores  calculated  for  communities  in  the  upper  reach 
of  Big  Muddy  Creek. 

The  lowest  bioassessment  score  was  calculated  for  the  assemblage  sampled  at 
LBM-1 1,  the  uppermost  site  in  the  lower  reach.  The  highest  score  was  calculated  for  the 
assemblage  sampled  at  UBM-2,  upstream  of  Plentj'wood. 

Table  3.  Metrics  and  scoring  criteria  for  the  Montana  plains  ecoregions.  (From  Bukantis, 
1998). 


Score 

Metric 

3 

2 

1 

0 

Taxa  richness 

>24 

24-  18 

18-  12 

<12 

EPT  richness 

>8 

8-6 

5-3 

<3 

Biotic  Index 

<5 

5-6 

6-7 

>7 

%  Dominant  taxon 

<30 

30  -  45 

45-60 

>60 

%  Collectors 

<60 

60-80 

80-95 

>95 

%  EPT 

>50 

50-30 

30-  10 

<10 

Shannon  H  (log2) 

>3.0 

3.0-2.4 

2.4-  1.8 

<1.8 

%  Scrapers  + 

>30 

30-15 

15-3 

<3 

shredders 

#  Predator  taxa 

>5 

4-5 

3-4 

<3 

%  Multivoltine 

<40 

40-60 

60-80 

>80 

/» 


J 


Table  4.  Criteria  for  the  assignment  of  support  classifications  /  standards  violation 
thresholds  (Bukantis,  1998) 


%  Comparability  to  reference 

Use  support 

>75 

Full  support— standards  not  violated 

25-75 
<25 

Partial  support— moderate  impairment— standards 

violated 

Non-support-severe  impairment-standards  violated 
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Invertebrate  communities 

Figure  3  is  an  ordination  plot  of  the  invertebrate  assemblages  collected  at  the  twelve  sites 
on  Big  Muddy  Creek,  using  the  sites-by-taxa  matrix  and  a  principal  components  statistical  test, 
which  results  in  a  clustering  of  sites  with  similar  communities,  and  separation  of  sites  with 
dissimilar  communities.  The  resulting  plot  shows  a  tight  clustering  of  most  lower  and  middle 
reach  sites,  and  a  single  upper  reach  site,  UBM-15,  suggesting  a  high  degree  of  assemblage 
similarity  among  these  sites.  Site  MBM-4  appears  to  be  unique  among  Big  Muddy  Creek  sites, 
as  does  site  UBM-20.  The  other  two  upper  reach  sites,  UBM-1  and  UBM-2  are  similar  to  each 
other,  but  together  they  are  distinct  from  all  other  Big  Muddy  Creek  sites. 


Figure  3.  Ordination  of  invertebrate  assemblages  collected  from  twelve  sites  on  Big  Muddy 
Creek,  June  2000. 
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Invertebrate  assemblages  of  the  lower  reach  of  Big  Muddy  Creek  are  characterized  by 
low  tax/Vichness;  the  average  number  of  taxa  taken  at  these  sites  was  15.  Generally,  the  fauna  is 
dominated  by  animals  tha^  do  not  live  in  intimate  association  with  the  substrate.  This  likely 
corresponds  to  the  observations  made  by  field  personnel  that  substrate  was  predominantly 
"muck",  mud,  or  other  fine  material.  Benthic  forms  were  not  entirely  absent,  however.  Larvae  of 
the  midge  Chironomus  sp.  was  present  in  samples  taken  at  three  out  of  four  of  the  lower  reach 
sites.  Glyptotcndipes  sp.  and  Ctypfochironomus  sp.  were  also  present  in  these  samples.  None  of 
them  were  particularly  abundant.  These  midge  larvae  are  associated  with  detritus  and  soft 
sediments,  and  are  characteristic  of  low  dissolved  oxygen  conditions.  Commonly  called 
"bloodworms",  these  three  midge  genera  carry  hemoglobin  in  their  circulating  fluids,  which 
enables  them  to  inhabit  near-anaerobic  habitats.  While  water  column  oxygen  conditions  were 
reported  to  be  low  (see  Figure  A-1)  at  only  a  single  site  (LBM-5  at  Farley  Crossing),  the 
presence  of  these  midges  suggests  that  abundant  organic  material  in  sediments  has  resulted  in 
deoxygenated  conditions  in  the  substrate. 


The  fauna  in  the  lower  reach  of  Big  Muddy  Creek  was  generally  dominated  by  forms 
associated  either  with  the  water  surface,  such  as  the  corixids  (there  were  at  least  8  different 
species  of  this  insect  family  in  these  samples)  and  dytiscid  beetles,  or  with  emergent  vegetation, 
such  as  damselfly  larvae,  snails,  the  mayflies  Caenis  latipennis  and  Callibaetis  sp.,  and 
amphipods.  Dominance  of  these  animals  results  in  high  biotic  index  scores,  since  these  animals 
tend  to  be  tolerant  of  water  quality  perturbations,  such  as  organic  or  nutrient  pollution,  or  warm 
water  temperatures.  Biotic  index  values  for  the  lower  reach  of  Big  Muddy  Creek  averaged  7.86, 
which  is  judged  poor  (Table  3),  suggesting  that  diminished  water  quality  may  impair  the  lower 
reach.  Both  mayflies  collected  in  this  reach  prefer  sluggish  currents  and  organically  enriched  silt 
substrates.  Long-lived  taxa  were  generally  less  common  in  the  lower  reach  than  in  either  of  the 
other  two  reaches  studied.  This  suggests  that  there  may  be  factors  or  events  that  interrupt  lengthy 
life  cycles,  such  as  periodic  dewatering  or  temperature  elevation. 

Although  the  aquatic  assemblages  of  two  sites  in  the  middle  reach  of  Big  Muddy  Creek 
(MBM-10  at  Lower  Wolf  Creek  and  MBM-15  below  Otter  Creek)  clustered  with  the 
assemblages  of  the  lower  reach  in  the  ordination  of  Figure  3,  it  is  apparent  from  the  data  that  the 
addition  of  many  taxa  enhances  the  diversity  of  all  middle  reach  sites.  Taxa  richness  averaged  25 
among  these  four  sites.  The  increased  faunal  diversity  suggests  increased  habitat  diversity,  as 
does  the  increase  in  the  number  of  predator  taxa  in  some  of  the  samples  from  the  middle  reach. 
While  animals  associated  with  the  water  surface  and  emergent  vegetation  comprise  a 
considerable  proportion  of  these  assemblages,  there  is  an  increased  occurrence  of  benthic  taxa, 
suggesting  that  hard  substrate  material  is  more  common  in  the  middle  reach  of  Big  Muddy  Creek 
than  in  the  lower  reach.  "Clinger"  taxa  are  quite  common  in  this  reach,  and  include  two 
rhyacophilid  caddisflies,  the  blackfly  Simulium  sp.,  and  the  midges  Tany tarsus  sp.  and 
Cricotopus,  which  is  represented  by  several  species  in  these  samples. 

Similar  to  the  lower  reach,  sediments  appeared  to  be  anaerobic  in  the  two  downstream 
sites  in  the  middle  reach,  MBM-4  and  MBM-10.  Hemoglobin-carrying  midges  in  these 
assemblages  included  Endochironomus  sp.  and  Dicrotendipes  sp.  However,  the  two  upstream 
sites,  no  "bloodworm"  -  type  midge  taxa  were  collected,  suggesting  that  sediments  were  better 
oxygenated.  In  addition,  lower  biotic  index  scores  (mean  =  7.04),  and  the  occurrence  of  several 
taxa  which  are  less  tolerant  of  organic  or  nutrient  poOution  (e.g.  the  caddisfly  Rhyacophila 
narvae,  and  the  mayfly  Baetis  tricaudatus)  suggest  that  water  quality  is  less  impaired  generaOy 
in  the  middle  reach  than  in  the  lower  reach. 

The  greatest  faunal  diversity  in  the  studied  reaches  of  Big  Muddy  Creek  occurred  at  the 
sites  in  ^e  upper  reach,  whese  taxa  richness  averaged  3 1  among  the  four  sites.  This  finding, 
along  v/ith  the  prevalence^of  predatory  taxa,  suggests  that  habitat  diversity  for  invertebrates  was 
better  in  the  upper  reach, ^an  in  either  the  middle  or  lower  reaches.  Long-lived  taxa  were 
abundantly  represented  in  these  samples,  suggesting  that  flow  and  thermal  conditions  may  be 
more  stable  here  than  in  the  lower  reach.  Although  anaerobic  sediments  persist  in  the  upper 
reach,  biotic  index  values  were  lowest  of  all  reaches,  averaging  6.74.  Even  below  the 
Plentywood  water  treatment  lagoons  (site  UBM-1 ),  the  biotic  index  value  (6.75)  was  no  higher 
than  at  other  sites  in  the  reach.  Chironomid  abundance  was  quite  high  at  that  site,  however; 
midges  comprised  nearly  half  of  all  animals  collected  there.  Mayflies  were  numerically  abundant 
at  all  sites  in  the  upper  reach.  Mayfly  taxa  richness  is  positively  associated  with  water  quality; 
while  the  value  was  modest  in  the  upper  reach  (5  mayfly  taxa  were  collected  in  the  upper  reach), 
it  was  higher  than  in  either  of  the  other  two  Big  Muddy  Creek  reaches. 


DISCUSSION 

A  severe  limitation  to  the  usefulness  of  Montana  DEQ's  bioassessment  metric  battery  in 
the  plains  ecoregions  is  the  stress  that  it  places  on  the  contribution  of  benthic  fauna;  this  may 
jeopardize  its  accuracy  in  situations  where  the  fauna  is  more  strongly  associated  with  the  water 
surface  or  with  emergent  vegetation.  The  metrics  recommended  by  the  State  emphasize  mayfly, 
stone  fly,  and  caddisfly  richness  and  the  proportion  of  these  insects  in  assemblages.  In  addition, 
the  fianctional  feeding  group  metrics  in  the  current  battery,  which  measure  the  proportion  of 
scrapers,  collectors,  and  filter  feeders,  generally  stress  animals  dependent  upon  hard  substrates, 
such  as  gravels  and  cobbles.  Out  of  the  ten  recommended  metrics  in  the  plains  ecoregions 
protocol,  four  relate  either  to  the  "EPT"  fauna  or  to  feeding  functions  dependent  on  hard 
substrates.  Wliile  gravel  and  cobble  substrates  are  not  unknown  in  the  plains  ecoregions,  the 
more  common  circumstances  are  mud,  sand,  or  "mucky"  substrates.  Whether  or  not  these 
substrates  represent  "natural"  conditions  is  unclear.  Confidence  in  bioassessment  protocols  will 
require  fiirther  study;  eflforts  should  be  made  to  determine  habitat  measures  that  are  associated 
with  both  human  disturbance  and  with  biotic  communities. 

CONCLUSIONS 

•  High  biotic  index  values,  as  well  as  the  taxonomic  composition  of  the  invertebrate 
assemblage  suggest  that  water  quality  impairment  affects  biotic  health  in  the  lower 
reaches  of  Big  Muddy  Creek.  Low  taxa  richness  suggests  that  habitat  is  limited  in  this 
reach.  The  relatively  low  number  of  long-lived  taxa  may  indicate  that  the  reach  is 
periodically  dewatered,  or  that  thermal  or  other  physical  impairment  may  periodicaUy 
interrupt  the  life  cycles  of  some  animals. 

•  Lower  biotic  index  values,  and  higher  taxa  richness  suggest  that  both  habitat  and  water 
quality  is  better  in  the  middle  reach  than  in  the  lower  reach.  The  appearance  of  a  few 
"dinger"  taxa  indicates  that  some  hard  substrate  material  adds  to  habitat  diversity  in  this 
reach. 

•  Both  water  quality  and  habitat  conditions  improve  in  the  upper  reach  of  Big  Muddy 
Creek,  where  faunal  diversity  is  most  developed.  Lower  biotic  index  values  and  modest 
gain  in  mayfly  taxa  ricliness  suggest  that  water  quality  only  mildly  limits  biotic  health 
here. 

•  /snaerobic  substrates.'persist  from  the  lower  reach  of  Big  Muddy  Creek  at  least  up  to  the 
^ite  above  Plenty\<'ood.  Faunal  indicators  for  this  condition  are  not  present  at  sites  UBM- 

15orUBM-20V^'^ 

The  relationship  between  habitat  assessment  scores  and  bioassessment  scores  suggests 
that  water  quality  was  a  limiting  factor  to  the  biotic  health  of  the  benthic  community  in  Big 
Muddy  Creek  at  many  sites.  Figure  4  illustrates  these  relationships.  Points  representing  all  of  the 
lower  reach  sites,  three  of  the  middle  reach  sites  and  at  least  one  of  the  upper  reach  sites  lie 
below  a  line  describing  the  expected  relationship  between  habitat  and  biotic  health  when  water 
quality  is  unimpaired.  For  these  sites,  habitat  assessment  scores  are  lower  than  the  corresponding 
bioassessment  scores,  suggesting  that  a  factor  in  addition  to  low  habitat  quality  fiirther  impairs 
biotic  health.  This  additional  factor  is  presumed  to  be  impaired  water  quality.  In  contrast,  the 
points  representing  sites  MBM-4  and  UBM-1 5  (which  overlie  one  another)  are  positioned  above 


the  line,  where  their  moderately  high  habitat  assessment  scores  are  coupled  with  moderately  high 
bioassessment  scores.  For  these  sites,  as  well  as  for  the  other  upper  reach  sites  lying  near  the  line, 
habitat  quality  appears  to  be  the  main  influence  on  biotic  health. 

Figure  4.  Total  bioassessment  scores  plotted  against  habitat  assessment  scores  for  twelve  sites 
on  the  Big  Muddy  Creek,  June  2000.  The  red  line  describes  the  hypothetical  relationship 
expected  when  water  quality  is  good  and  biotic  health  is  determined  predominantly  by  habitat 
quality  (Barbour  et  al.  1999). 
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APPENDIX 
Big  Muddy  Creek,  June  2000 


1.    Graphs  of  physical  and  chemical  measurements 
2.    Macroinvertebrate  taxa  lists  and  metric  data 
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Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Big  Muddy  (Robert  Olscn) 

Site  ED:  LBM  -  2 

Taxon 


Approx.  percent  of  sample  used:  entire 
Quantity  Percent  HBI 


Corixidae  -  immature 
Palmacorixa  gilletti 
Sigara  altemata 
Trichoconxa  borealis 
Buerioa  sp. 


20 
32 

1 
10 

1 


21.05 

33.68 

1.05 

10.53 

1.05 


FFG 


Physidae 
Cladocera 
Hvalella  azteca- 

1 
1 

1 

1.05 
1.05 
1.05 

8 
8 
8 

CG 
CF 
CG 

Total  Misc.  Taxa 

3 

3.16 

Coenagnonidae-early  instar 
Enallagma  civile 

3 
4 

3.16 
4.21 

9 
9 

PR 
PR 

Total  Odonata 

7 

7.37 

Callibaetis  sp 
Caeiiis  latipetinis 

2 

7 

2.11 
7.37 

9 

7 

CG 
CG 

Total  Ephemcroptera 

9 

9.47 

UN 
PH 
PH 
PR 
PR 


Total  Hemiptera 


64 


67.37 


Diibiraphia  sp. 
Gyrinus  sp. 
Berosus  sp. 


2.11 
2.11 
1.05 


CG 
PR 
PR 


Total  Coleoptera 


5.26 


Glyptotendipes  sp. 
Larsia  sp. 
Paratanyiarsus  sp. 
Polypedilum  sp. 


Total  Chironomidae 


4.21 
1.05 

1.05 
1.05 


7.37 


Grand  Total 


95 


100.00 


10 
6 
6 
6 


CG 
PR 

UN 
OM 
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Aquatic  Macroinvertcbrate  Summary  Data 


Site  Name:  Bjo  Muddy  (Robert  Ohcn) 

TOTAL  ABUNDANCE 
Epliemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


95 

9 

19 
2 


GROUP 

Misc.  Taxa 

Odonata 

Ephenieroptera 

Plecoptera 

Hemiptera 

Megaloplera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chriononiidae 


#TAXA       ABUNDAN  PERCENT 


3 

3 

3.16 

2 

7 

7.37 

2 

9 

9.47 

0 

0 

0.00 

5 

64 

67.37 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

000 

3 

5 

5.26 

0 

0 

0.00 

4 

7 

7.37 

Site  ID:  LBM  -  2 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Palmacorixa  gilletti 

Corixidae  -  immature 

Trichocorixa  borealis 

Caaiis  latipetmis 

Enallagma  civile 

SUBTOTAL  5  DOMINANTS 

Glyptoletidipes  sp. 

Coenagrionidae-early  instar 

Callibaelis  sp. 

Dubiraphia  sp. 

Cyri]ius  su. 

TOTAL  DOMINANTS 


SAl^ROBIC  INDICES 
HilsenhofTBiotic  Index 


E    1 

PERCENT 

32 

33.68 

20 

21.05 

10 

10.53 

7 

7.37 

4 

4.21 

73 

76.84 

4 

4.21 

3 

3.16 

2 

2.11 

2 

2.11 

2 

2.11 

86 

90.54 

800 


RAIIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironoinid;ie 


29 


FUNCnONAL  FEEDING  GROUP  (FFG)  COMPOSFHON 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collector-filterer 

Macroplnlc-herbivore 

Pi  ercer-herbi vore 

Scraper 

Shredder         f* 

Xylophage      ' 

Omnivore 

Unknouii 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scraper/(  Scraper  +  Cfillercr) 
ShredderAFotal  organisms 


#  TAXA       ABUNDA^  PERCENT 


7 

11 

23.16 

0 

0 

0.00 

6 

1 

17 

1 

17.89 
1  05 

0 

0 

0.00 

2 

33 

34.74 

0 

0 

0  00 

0     r    0 

0.00 

0  ' 

0 

0.00 

^i 

1 

1.05 

2 
i 

21 

22.11 

0.00 
0,00 
0.00 

DFVERSn'Y  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Simpson  D 


2.17 
3.14 
0.74 
0.17 


COMMUNTTY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE    PERCENT 

Multivoltine  8  8.16 

Univoltine  82  86.58 

Seiruvolline  5  5.26 


Tolerant 
Intolerant 
C  linger 


#TAXA        ABUNDANCE    PERCENT 
12  20  21.05 

0  0  000 

1  2  2.11 


Aquatic  Macroinvcrtcbrate  TaxuDomic  Data 

Site  Name:  Farley  Crossing 

Site  ID:  LBM  -  5  Approx.  percent  of  sample  used:  entire 

Taxon Quantity-  Percent HBI  FFG 

Klooreobdella  sp 
Pelecypoda 
Cladocera 
Hvalella  azteca 


1 

0.63 

6 

PR 

1 

0.63 

11 

CF 

2 

1.25 

8 

CF 

;i 

13.13 

8 

CG 

Total  Misc.  Taxa 

25 

15.63 

Enallagma  geminaUim 
Eiiallagnia  civile 

1 
9 

063 

5.63 

8 
9 

PR 
PR 

Total  Odonata 

10 

6.25 

Caenis  latipennis 

4 

2.50 

7 

CG 

Total  Ephemcroptera 

4 

2.50 

Corixidae  -  immature  4  2.50  8  UN 

Hesperocorixa  laevigata  3  1.88  8  PR 

Palmacorixa  bueiwa  32  20.00  8  PH 

Palmaconxa  gilletti  '                                                           2  1.25  8  PH 

Sigara  lineata  21  13.13  8  PH 

Trichocoiixa  borealis  38  23.75  8  PR 


Total  Hemiptcra 

100 

62.50 

Berosus  sp 

6 

3.75 

5 

PR 

Total  Coleoptera 

6 

3.75 

Chironomus  sp 
Ciyptochironomus  sp 
Glyptolendipes  sp. 

12 
2 

1 

7.50 
1.25 
0.63 

10 

8 

10 

CG 
PR 
CG 

Total  Chironomidae 

15 

9.38 

Grand  Total  160  100.00 


■-\t 


Aquatic  Macroinvertebrate  Summary  Data 


Site  Name:  Farley  Crossing 


Site  ID:  LBM  -  5 


TOTAI.  ABUNDANCE 
Ephenicroptera  +  Plecoptera  + 
Tnchoptera  (EFT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


160 

4 

17 
1 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloplera 

Tnchoptera 

Lepidoptera 

Colcoptera 

Diplcra 

Clinonomidae 


#TAXA       ABUNDAh  PERCENT 


4 

25 

15.63 

2 

10 

6.25 

1 

4 

2.50 

0 

0 

0.00 

6 

100 

62.50 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

1 

6 

3.75 

0 

0 

0.00 

3 

15 

9.38 

CONTRTOUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Trichocorixa  borealis 

Palmacorixa  buenoa 

Hyalella  azteca 

Sigara  lineata 

Chironomus  sp 

SUBTOTAL  5  DOMINANTS 

Eiialtagma  civile 

Berosus  sp. 

Caenis  latipennis 

Conxidae  -  immature 

Hesperocorixa  iae\'igata 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Hilsenhofl'Biotic  Index 


2E    PERCENT 

38 

23.75 

32 

20.00 

21 

13  13 

21 

13.13 

12 

7.50 

124 

77.50 

9 

5.63 

6 

3.75 

4 

2.50 

4 

2.50 

3 

1.88 

150 

93.76 

8.09 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


0.27 


FUNCTIONAL  FEEDING  GROUP  (FFO)  COMPOSITION 
GROUP  #TAXA       ABUNDAN  PERCENT 

Predator 


Parasite 

Collector-gatherer 

CoUcctor-lilterer 

Macrophvle-herbivore 

Pierter-herbivore 

Scraper 

Shredder         /* 

Xylophage     ' 

Orrmjvorc 

Unknown 


7 
0 
4 
2 
0 
3 
0 
0 
0 

■'^ 
1 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/Collector-filterer 
Scraper/fScTaiier  +  C.filterer) 
SlireddcrAIotal  orgamsms 


60 

37.50 

0 

0.00 

38 

23,75 

3 

1.88 

0 

0.00 

55 

34  38 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0,00 

4 

2  50 

0.00 

0.00 

0.00 

DLVERSITY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evemiess 
Simpson  D 


2.23 
3.21 
079 
0.14 


COMMUNITY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE    PERCENT 

Multivollme  13  8  28 

Umvoltine  140  87.50 

Seimvoltine  7  4.22 


Tolerant 

Intolerant 

Clingcr 


#TAXA        ABUNDANCE    PERCENT 

12  46  28.75 

0  0  000 

0  0  0.00 


Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Manning  Lake  Creek 

Site  ID:   LBM  -  9 

Taxon 


Approx.  percent  of  sample  used:  entire 
Quantit)  Percent  HBI 


Tubificidae  -  immature 
Fossaria  sp. 
Stagnicola  sp. 
Physidae 
Gammarus  sp. 
Hyalella  azteca 


1 

0.58 

32 

18.71 

3 

1.75 

55 

32.16 

20 

11.70 

34 

19.88 

FFG 


CG 
CG 
CG 
CG 
CG 
CG 


Total  Misc.  Taxa 

145 

84.80 

Sympetrum  intenium 
Lestes  congener 

5 
1 

2.92 
0.58 

9 
9 

PR 
PR 

Total  Odonata 

6 

3.51 

Corixidae  -  immature 
Sigara  grossolineata 

3 
4 

1.75 
2.34 

8 
8 

UN 
PH 

Total  Hemiptera 

7 

4.09 

Hydrophilidae  -  early  inslar  larvae 
Berosus  sp. 

1 
4 

0.58 
2.34 

5 
5 

PR 
PR 

Total  Coleoptera 

5 

2.92 

Dixella  sp. 

1 

0.58 

2 

CG 

Total  Diptera 

1 

0.58 

Chironomus  sp 
Ciyplochironomus  sp 
Procladius  sp 

5 
1 

1 

2.92 
0.58 
0.58 

10 
8 
9 

CG 
PR 
CG 

Total  Chironomidae 

7 

4.09 

Grand  Total 


171 


100.00 


^\i 


Aquatic  Macroinvcrtcbrate  Summary  Data 


Site  Name:  Manning  Lake  Creek 

TOTAL  ABUNDANCE 
Eplienieroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMC  GROUP  COMPOSITION 


171 

0 

16 
0 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloplera 

Inchoptera 

Lepidoptcra 

Coleoptera 

Diptera 

Chrionomidae 


#TAXA       ABUNDAK  PERCENT 


6 

145 

84.80 

2 

6 

3.51 

0 

0 

0.00 

0 

0 

0.00 

2 

7 

4.09 

0 

0 

000 

0 

0 

0.00 

0 

0 

0.00 

2 

5 

2.92 

1 

1 

0.58 

3 

7 

4.09 

Site  ID:  LBM  -  9 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Physidae 

Hyalella  azteca 

Fossaria  sp. 

Gammarus  sp. 

Symipetrum  internum 

SUBTOTAL  5  DOMINANTS 

Chironomus  sp 

Sigara  grossolineata 

Berosus  sp 

Stagnicola  sp. 

Conxidae  -  immature 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhofTBiotic  Index 


"E    1 

PERCENT 

55 

32  16 

34 

19.88 

32 

18.71 

20 

11.70 

5 

2.92 

146 

85.38 

5 

2.92 

4 

2.34 

4 

2.34 

3 

1.75 

3 

1.75 

19 

11  11 

7.34 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


0.00 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 


GROUP                           #TAXA 

ABUNDAN PERCENT 

Predator 

5 

12 

7.02 

Parasite 

0 

0 

0.00 

Collector-gatherer 

9 

152 

8889 

CoUector-filtcrer 

0 

0 

0.00 

Macrophvlc-licrbivore 

0 

0 

0  00 

Piercer-herbivore 

1 

4 

2,34 

Scraper 
Slircdder        /* 

0 

0      ; 

0 
'^        0 

0.00 
0.00 

Xylophage     ' 
Omnivore 

0  ' 

0 
0 

0.00 
0.00 

Unknown 

1 

3 

1.75 

RATIOS  OF  FFG  ABUNDANCES 

Scraper/Collector-lilterer 
Scraper/(  Scraper  +  CTilterer) 
Shrcdder/Total  organisms 

#DrV/()! 
#DIV/0' 
0.00 

DFVERSITY  MEASURES 
Shamion  H  (loge) 
Shannon  H  (log2) 
Evenness 
Simpson  D 


1.96 
2.82 
0.71 
0.19 


COMMUNIFY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE    PERCENT 

Multivohme  5  3.07 

Univoltine  156  91.08 

Semivoltine  10  5.85 


#TAXA  A13UNDANCE    PERCENT 

Tolerant  12                      156           91.23 

Intolerant  0                         0             0  00 

Clinger  0                          0             0.00 


Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Jim  Anderson  above  slab 

Site  ID:  LBM-11 

Taxon 


Approx.  percent  of  sample  used:  entire 
Quantity  Percent  HBI 


Conxidae  -  immature 
Palmacorixa  buenoa 
Sigara  bicolorpennis 
Sigara  altemata 
Trichocorixa  horealis 


4 

3.25 

2 

1.63 

2 

1.63 

1 

8.94 

91 


73.98 


FFG 


Tubificidae  -  immature 

Copepoda 

Hvalella  azteca 

2 
1 
2 

1.63 
0.81 
1.63 

9 
8 
8 

CG 
CG 
CG 

Total  Misc.  Taxa 

5 

4.07 

Enallagnia  civile 

4 

3.25 

9 

PR 

Total  Odonata 

4 

3.25 

UN 
PR 
PH 
PH 
PR 


Total  Hemiptera 

110 

89.43 

Rliantus  wallisi 
Dubiraphia  sp. 

1 
2 

0.81 
1.63 

5 

6 

PR 
CG 

Total  Coleoptera 

3 

2.44 

Chironomus  sp. 

1 

0.81 

10 

CG 

Total  Chironoraidae 

1 

0.81 

Grand  Total 


123 


100.00 


--\f 


Aquatic  Macroinvertebratc  Summar>'  Data 


Site  Name:  Jim  Anderson  above  slab 

TOTAL  ABUNDANCE 
Ephcmeroptera  +  Plecoptera  + 
Trichoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

1 AXONOMIC  GROUP  COMPOSmON 


123 

0 

12 
0 


GROUP 

Misc  Taxa 

Odonata 

Ephemeroptera 

Plecoplera 

Hcmiptera 

Mcgaloptera 

Trichoptera 

Lcpidoptcra 

Colcoptera 

Diplera 

Cluionoirudae 


#TAXA        ABUNDAK  PERCENT 


3 

5 

4.07 

1 

4 

3.25 

0 

0 

0.00 

0 

0 

0.00 

5 

110 

89.43 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

2 

3 

2,44 

0 

0 

0.00 

1 

1 

0.81 

Site  ID:  LBM-11 

CONTRIBUnON  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE    PERCENT 

Tnchocorixo  borealis 

Sigara  altemata 

Enallagma  civile 

Corixidae  -  immature 

Tubificidae  -  immature 

SUBTOTAL  5  DOMINANTS 

Hyalella  azteca 

Palmacorixa  buenoa 

Sigara  bicolorpennis 

Dubiraphia  sp 

Copepoda 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
FLlsenhofr  Biotic  Index 


91 

73.98 

11 

8.94 

4 

3.25 

4 

3.25 

2 

L63 

112 

91.06 

2 

1.63 

2 

1.63 

2 

1.63 

2 

1.63 

1 

0.81 

120 

97.56 

8.01 


RATIOS  OF  TAX  GROUP  AI3UNDANCES 
EPT/Chironomidae 


0.00 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSUTON 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collcclor-I'iltcrer 

Macroph>le-herbivore 

Piercer-herbivore 

Scraper  n 

Shredder  / 

X\lophage 

Omnivore 

Unknown 


#TAXA  ABUNl:)A^  PERCENT 
4 
0 
5 
0 
0 
2 
0 
0     , 

0 
I 


RA'nOS  OF  FFG  ABUNDANCES 
Scraper/Collector-lilterer 
Scraper/( Scraper  +  C  filterer) 
ShredderAFolal  organisms 


98 

79.67 

0 

0.00 

8 

6.50 

0 

0,00 

0 

0.00 

13 

10-57 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

4 

3.25 

#DlV/0! 

#DlV/0! 

0,00 

DIVERSFTY  MEASURES 
Shamion  H  (loge) 
Shannon  H  (log2) 
Evenness 
Sunpson  D 


1.11 
1.61 

0.45 
0.56 


COMMUNTFY  VOL'FINISM  ANALYSIS 
TYPE  ABUNDANCE    PERCENT 

Multivoltme  2  1.42 

Univoltine  118  96.14 

Semivoltme  3  2  44 


#rAXA  ABUNDANCE    PERCENT 

Tolerant  12                         6             4.88 

Intolerant  0                           0              0,00 

Clinger  1                           2              1.63 


Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Sheridan  County  Conservation  District 

Site  ID:   MBM  -  4 

Taxon 


Approx.  percent  of  sample  used:  17 

Quantity' 

Percent 

HBI 

FFG 

1 

0.31 

5 

PA 

4 

1.24 

9 

CG 

3 

0.93 

9 

CG 

1 

0.31 

6 

PR 

90 

27.95 

8 

CG 

10 

3.11 

6 

SC 

6 

1.86 

6 

CG 

55 

17.08 

8 

CG 

26 

8.07 

5 

PA 

Nematoda 

Tubificidae  -  immature 

Aulodrilus  pluriseta 

Alboglossiphonia  heterocltta 

Physidae 

Promenetus  sp. 

Gammarus  sp. 

Hyalella  azteca 

Acari 


Total  Misc.  Taxa 

196 

60.87 

Enallagma  ebrium 
testes  congener 

2 
11 

0.62 
3.42 

9 
9 

PR 
PR 

Total  Odonata 

13 

4.04 

CalUbaetis  sp 
Caenis  latipeiinis 

2 
27 

0.62 
8.39 

9 

7 

CO 
CG 

Total  Ephemeroptera 

29 

9.01 

Conxidae  -  immature 
Sigara  decoratella 
Sigara  solensis 
Trichocorixa  borealis 


Coptotomus  longulus 
Laccopliilus  bigiittatus 
Duhirapkia  sp. 
Pellodytes  tortulosus 
PeltOilyles  edenlulus 


Ctyptotenciipes  sp 
Endochironomus  sp. 
Paralanytarsus  sp 
Polypedilum  sp.-  • 
Procladius  sp./ 
Tanypus  sp. 
Thiencmaraumvia  Gr. 


8 

2.48 

8 

UN 

10 

3.11 

8 

PH 

2 

0.62 

8 

PH 

14 

4  35 

8 

PR 

Total  Hemiptera 

34 

10.56 

Rhyaeophila  Coloradensis  Gr. 

2 

0.62 

PR 

Total  Trichoptcra 

2 

0.62 

0.31 

5 

PR 

0.31 

PR 

0.62 

6 

CG 

0.31 

5 

Mli 

0.31 

5 

MH 

Total  Coleoptera 

6 

1.86 

Atherix  sp. 
Ceratopogonmae 

1 
17 

0.31 
5.28 

4 

6 

PR 

PR 

Total  Diptera 

18 

5.59 

0.31 
0.62 
3.11 
0.31 
0.93 
1.86 
0.31 


6 

UN 

0 

CG 

6 

UN 

6 

OM 

9 

CG 

0 

PR 

6 

PR 

Total  Chironomidac 


24 


7.45 


Grand  Total 


322 


100.00 


Aquatic  Macroinvcrtebrate  Summary  Data 


Site  Name:  Sheridan  County  Conscr>ation  District 


Site  ID:  MBM  -  4 


322 

31 

32 
3 


TOTAL  ABUNDANCE 
Ephenieroptera  +  Plecoptera  + 
Tnchoptera  (EFT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EFT  taxa 

TAXONOMIC  GROUP  COMPOSITION 

GROUP  #TAXA       ABUNDAN  PERCENT 

Misc.  TjLxa  9 

Odonata  2 

Ephemeroptera  2 

Plecoptera  0 

Heiniplera  4 

Megaloptera  0 

Tnchoptera  1 

Lepidoptera  0 

Coleoptcra  5 

Diptera  2 

Chnonomidae  7 


196 

60.87 

13 

4.04 

29 

9.01 

0 

0.00 

34 

10.56 

0 

0.00 

2 

0.62 

0 

0.00 

6 

1.86 

18 

5.59 

24 

7.45 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Physidae 

Hyalella  azteca 

Caenis  latipennis 

Acari 

Ceratopogonuiae 

SUBTOTAL  5  DOMINANTS 

Tricbocorixa  horeatis 

testes  congener 

Promenetus  sp. 

Sigara  decoratella 

Paralanytarsus  sp 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhofTBiotic  Index 


CE    ] 

PERCENT 

90 

27.95 

55 

17.08 

27 

8.39 

26 

8.07 

17 

5.28 

215 

66.77 

14 

4.35 

11 

3.42 

10 

3.11 

10 

3.11 

10 

3.11 

270 

83.85 

7.39 


RA'nOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


.29 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMI'OSITION 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collector-filterer 

Macroph)te-herbivore 

Piercer-herbivore 

Scraper 

Shredder  P 

Xylophage 

Onuiivore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoIIector-filterer 
Scrapcr/f  Scraper  +  C.tllterer) 
Shredder/l  olal  orgaiusms 


#TAXA       ABUNDA^  PERCENT 


11 

57 

17.70 

2 

27 

8.39 

10 

194 

60.25 

0 

0 

0.00 

2 

2 

0.62 

2 

12 

373 

1 

/.    10 

3.11 

0     , 

0 

0.00 

0 

1 

0.00 
0.31 

3 

.S 

19 

5.90 

#DlV/0! 
1.00 
0.00 

DIVERSITY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Sunpson  D 


COMMUNTTY  VOLTINISM  ANALYSIS 


2.19 
3.16 
0.63 
0.11 


TYl'L 

Multivoltuie 
Uni  vol  tine 
Semi  vol  line 


Tolerant 

Intolerant 

dinger 


#TAXA 


ABUNDANCE    PERCENT 

47  14.44 

269  83.39 

7  2.17 


ABUNDANCE    PERCENT 

12  209  64.91 

0  0  0.00 

3  5  1.55 


Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Lower  Wolf  Creek 

Site  ID:   MBM  -  10 

Taxon 


Approx.  percent  of  sample  used;  23 
Quantity  Percent 


Ih'droporus  sp. 

Rhantus  sp  -  larvae 

Dubiraphia  sp. 

Peltodytes  edailulus 

Peltodytes  sp.  -  early  mstar  larvae 

Berosus  sp 


HBI 


FFG 


Physidae 
Hyalella  azteca 
Acari 

6 
8 

1 

2.00 
2.67 
0.33 

8 
8 

5 

CG 
CG 
PA 

Total  Misc.  Taxa 

15 

5.00 

Enallagma  ebrium 

2 

0.67 

9 

PR 

Total  Odonata 

2 

0.67 

Baetis  tricaudatus 
Callibaetis  sp. 
Caeriis  latipentiis 

1 

4 
16 

0.33 
1.33 

5.33 

6 

9 

7 

CG 
CG 
CG 

Total  Ephemeroptera 

21 

7.00 

Corixidae  -  immature 
Sigara  grossolineata 
Trichocorixa  borealts 

147 

1 
3 

49.00 
0.33 
1.00 

8 
8 

8 

UN 
PH 
PR 

Total  Hemiptera 

151 

50.33 

Limnephilus  sp 
lUnacophila  narvae 

1 
1 

0.33 
0.33 

3 

1 

SH 
PR 

Total  Trichoptera 

2 

0.67 

■■    -  - 

12 

4.00 

5 

PR 

3 

1.00 

5 

PR 

54 

18.00 

6 

CG 

3 

1.00. 

5 

MH 

2 

0.67 

5 

MH 

1 

0.33 

5 

PR 

Total  Coleoptcra 


75 


25.00 


Ceratopogonmae 
Tabanidae 


14 


467 
0,33 


PR 
PR 


Total  Diptcra 


15 


5.00 


Cncotopus  Tremulus  Gr. 

Dicrotendipes  sp 

Endochironomus  sp. 

Larsia  sp. 

Orthocladius  (Euorthocladius)  Group 

Paratanylarsus  sp. 

Polypedilum  sp 

Psectrocladius  elatus 

Tanypus  sp. 

Tanylar.sus  sp / 

Tveleiua  .sp     ' 


f- 


1 
1 
1 
1 
1 
1 
2 
5 
1 
1 
4 


0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.67 
1.67 
0.33 
0.33 
1.33 


7 

CG 

8 

CG 

0 

CG 

6 

PR 

6 

CG 

6 

UN 

6 

OM 

8 

CG 

0 

PR 

6 

CF 

5 

CG 

Total  Chironomidae 


19 


6.33 


Grand  Total 


300 


100.00 


Aquatic  Macroinvertebrate  Summary  Data 


Site  Name:  Lower  Wolf  Creek 

TOTAL  ABUNDANCE 
Ephenicroptera  +  Plecoptera  + 
Trichoptera  (EP T)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EFT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


300 
23 

31 

5 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hcmiplera 

Megaloplera 

Tnchoplera 

Lepidoplcra 

Coleoptera 

Diplera 

Clinonoiiudae 


#TAXA       ABUNDAK  PERCENT 


3 

15 

5.00 

1 

2 

0.67 

3 

21 

7.00 

0 

0 

0.00 

3 

151 

50.33 

0 

0 

0.00 

2 

2 

0.67 

0 

0 

0.00 

6 

75 

25.00 

2 

15 

5.00 

11 

19 

6.33 

Site  ID:  MBM  -  10 

CONTRIBU'nON  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE    PERCENT 

Corixidae  -  immature 

Dubiraphia  sp 

Caeiiis  latipeiinis 

Ceratopogomnae 

Hydroponis  sp 

SUBTOTAL  5  DOMINANTS 

Hyalella  azleca 

Physidae 

Psectrocladius  elalus 

Callibaetis  sp. 

Tveleiua  sp. 

TOTAL  DOMINANTS 


SAPROBiC  INDICES 
HilsenhoffBiotic  Index 


147 

49.00 

54 

18.00 

16 

5.33 

14 

4.67 

12 

4.00 

243 

81.00 

8 

2.67 

6 

2,00 

5 

1.67 

4 

1.33 

4 

1.33 

270 

89.99 

7.18 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


1.2! 


FUNCTIONAI.  FEEDING  GROUP  (FFG)  COMPOSFTION 


GROUP 
Predator 
Parasite 

Collector-gatherer 
Collector-fiUerer 
Macrophvle-herbivore  2 

Piercer-herbivore  1 

Scraper  ■  ;  0 

Shredder  /  1 

Xylophage  .0 

Omnivore  \^ 

UnkiiovvTi  2 

RATIOS  OF  FFG  ABUNDANCES 
Scraper/ColIector-filterer 
Scraper/(Scraf)er  +  C.fiUcrer) 
Shredder/Total  organisms 


#TAXA        ABUNDAN  PERCENT 

10 

1 

12 

1 


39 

13.00 

1 

0.33 

02 

34.00 

1 

0.33 

5 

1  67 

1 

0.33 

0 

OOO 

1 

0  33 

0 

0  00 

2 

0.67 

148 

49.33 

f),00 

0.00 

0.00 

DIVERSFTY  MEASURES 
Shaimon  Fi  (loge) 
Shannon  H  (iog2) 
Evenness 
Simpson  D 


COMMUNITY  VOLTINISM  ANALYSIS 


1.61 
2  32 
0  47 
0.22 


TYPE 

Multivoltme 
Umvoltine 
Seiruvoltme 


Tolenuit 

Intolerant 

Clinger 


#TAXA 


ABUNDANCE    PERCENT 

19  6.33 

206  68  50 

76  25.17 


ABUNDANCE    PERCENT 

12  120  40  00 

0  0  000 

4  59  19.67 


Aquatic  Macroinvertebrate  Taxonomic  Data 

Site  Name:  Below  Otter  Creek 

Site  ID:  MBM  -  15  Approx.  percent  of  sample  used;  60 

Taxon Quantity  Percent HBI  FFG 

Naididae  2  062  8  CG 

Physidae  10  3.12  8  CG 

Promenelus  sp.  42  13.08  6  SC 

Cladocera  33  10.28  8  CF 

Copepoda  5  1.56  8  CG 

Hyalella  azteca  108  33.64  8  CG 

Acan  24  7.48  5  PA 


Hydroporus  sp. 
Rliantus  sp 
Dubiraphia  sp. 
Haliplus  sp. 


Total  Misc.  Taxa 

224 

69.78 

Enallagma  ebhiim 

8 

2.49 

9 

PR 

Total  Odonata 

8 

2.49 

Callibaetis  sp 
Caenis  latipennis 

2 

5 

0.62 
1.56 

9 

7 

CG 
CG 

Total  Ephemeroptera 

7 

2.18 

Con>adae  -  immature 
Hesperocorixa  laevigata 

7 

1 

2.18 
0.31 

8 
8 

UN 
PH 

Total  Hcmiptera 

8 

2.49 

Agraylea  sp. 

1 

0.31 

8 

PH 

Total  Trichoptera 

1 

0.31 

7 

2.18 

5 

PR 

4 

1.25 

5 

PR 

3 

0.93 

6 

CG 

3 

0.93 

5 

MH 

Total  Colcoptera 

17 

5.30 

Ceratopogonmac 

8 

2.49 

6 

PR 

Total  Diptera 

8 

2.49 

Cncotopus  (Cricotopus)  1  0  31 

Parataiiylarsus  sp.  17  5.30 

Psectrocladius  venialis  2  0.62 

Pseclrocladius  elalus  19  5.92 

Taiiytarsus  sp  7  2.18 

Tluenemanniella  sp  2  0.62 

Total  Chironomidae  48  14.95 

~~~~~~~                                               Grand  Total  321  100.00 


7 

CG 

6 

UN 

8 

CG 

8 

CG 

6 

CF 

6 

CG 

l\i 


Aquatic  Macroinvertcbrate  Summary  Data 


321 


24 
3 


Site  Name:  Below  Otter  Creek 

TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Trichoptcra  (EPT)  abundance 

TOTAL  NIIMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSFHON 

GROUP  #TAXA       ABUNDAN  PERCENT 

Misc.  Taxa  7 

Odonata  1 

Eplicmeroptera  2 

Plccoplera  0 

Hemiplera  2 

Megaloptera  0 

Triclioptera  1 

Lepidoptera  0 

Coleoptera  4 

Diptera  1 

Clirionomidae  6 


24 

69.78 

8 

2.49 

7 

2  18 

0 

0.00 

8 

2.49 

0 

0.00 

1 

0.31 

0 

0.00 

17 

5.30 

8 

249 

48 

14.95 

Site  ID:  MBM  -  15 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Hyalella  azieca 

Prometietus  sp. 

Cladocera 

Acan 

Psectrocladius  elatus 

SUBTOTAL  5  DOMINANTS 

Parataiiytarsus  sp 

Physidae 

Enallagma  ebrium 

Ceratopogoninae 

Conxidae  -  immature 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Hilsenliofl'Biotic  Index 


CE    PERCENT 

108 

33.64 

42 

13.08 

33 

10.28 

24 

7.48 

19 

5.92 

226 

70.40 

17 

5.30 

10 

3.12 

8 

2.49 

8 

2.49 

7 

2.18 

276 

85.98 

717 


RA  riOS  OF  FAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


0.17 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSFHON 
GROUP  #TAXA        ABUNDAN  PERCENT 

Predator 


Parasite 

Collector-gatherer 

CoUector-filterer 

Macrophyte-herbivore 

Pierter-herhivore 

Scraper 

Shredder         P 

Xylophage 

Omnivore 

Unknown 


4 

1 

11 

2 


0 
.0  ' 

2 


RAIIOS  OF  FFG  ABUNDANCES 
Scraper/Collector-filterer 
Scraper/(Scraper  +  C.fdterer) 
ShredderAFolal  organisms 


27 

8.41 

24 

7.48 

59 

49.53 

40 

12.46 

3 

0.93 

2 

0.62 

42 

13.08 

0 

0.00 

0 

0.00 

0 

0.00 

24 

7.48 

1 .05 

0.51 

0.00 

DIVERSFFY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Smipson  D 


COMMUNFFY  VOLTINISM  ANALYSIS 


2.02 
2.91 
0.63 
0.13 


TYPE 

MuUivoltine 
Univoltme 
Semivoltine 


Tolerant 

Intolerant 

Clmger 


#TAXA 


ABUNDANCE    PERCENT 

100  31.23 

204  6347 

17  5.30 


ABUNDANCE    PERCENT 

12  205  63.86 

0  0  0.00 

3  5  156 


Aquatic  Macroinvcrtebrate  Taxonomic  Data 


Site  Name:  Rom  Hedges 
Site  ID:   MBM  -  18 
Taxon 


Apisrox.  percent  of  sample  used:  entire 
Quantity  Percent  HBI 


FFG 


Naididae 
Pisidium  sp. 
Physidae 
Hyalella  azteca 
Acari 


3 

3.26 

3 

3.26 

5 

5.43 

6 

6.52 

3 

3.26 

CG 
CG 
CG 
CG 

PA 


Total  Misc.  Taxa 

20 

21.74 

Callibaetis  sp 
Caenis  latipennis 

1 
1 

1.09 
1  09 

9 

7 

CG 
CG 

Total  Epheraeroptera 

2 

2.17 

Palmacorixa  gilletti 
Sigara  grossolineata 

2 

1 

2.17 
1.09 

8 
8 

PR 
PH 

Total  Hcmiptera 

3 

3.26 

Duhiraphia  sp. 
Haliplus  sp  -  larvae 

6 
2 

6.52 
2.17 

6 

5 

CG 

MH 

Total  Coleoptera 

8 

8.70 

Ceralopogoninae 
Simulium  sp 

47 

5 

51.09 
5.43 

6 
6 

PR 
CF 

Total  Diptcra 

52 

56.52 

Cricotopus  Bicmctus  Gr. 
Labnindinia  sp 
Tanvlarsus  sp 

1 
1 

5 

1.09 
1.09 

5.43 

7 
7 
6 

CG 
PR 

CF 

Total  Chironomidae 

7 

7.61 

Grand  Total 


92 


100.00 


'\i 


Aquatic  Macroinvcrtebrate  Summan'  Data 


Site  Name:  Rum  Hedges 


Site  ID:  MBM  -  18 


92 
2 

16 

2 


TOTAL  ABUNDANCE 
Ephcmeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAI.  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 

GROUP  #TAXA       ABUNDAN  PERCENT 

Misc.  Taxa  5 

Odonata  0 

Ephcmeroptera  2 

Plecoptera  0 

I  Icmiplcra  2 

Mcgaloplcra  0 

Tnchoptera  0 

Lepidoptera  0 

Coleoptera  2 

Diptera  2 

Clirionomidac  3 


20 

21.74 

0 

0.00 

2 

2.17 

0 

0.00 

3 

3.26 

0 

0.00 

0 

0.00 

0 

0.00 

8 

8.70 

52 

56.52 

7 

7.61 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE    PERCENT 

Ceratopogomnae 

Hyalella  azteca 

Duhiraphia  sp 

Physidae 

Simulium  sp 

SUBTOTAL  5  DOMINANTS 

Tanytarsus  sp 

Naididae 

Pisidium  sp. 

Acan 

Palmacorixa  giUelli 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Hilsenhoff  Biotic  Index 


47 

51.09 

6 

6.52 

6 

6.52 

5 

5.43 

5 

5.43 

69 

75.00 

3 

5.43 
3.26 

3 

3.26 

3 

3.26 

2 

2.17 

85 

92.39 

6.45 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


0.29 


FUNCTIONAI.  FEEDING  GROUP  (FFG)  COMPOSFHON 


GROUP 

Predator 

Parasite 

Collector-gatherer 

CoUector-filtcrer 

Macrophv'te-herbi  vore 

Piercer-herbivore 

Scraper 

Sltredder 

Xylophage 

Onmivore 

Uuknouii 


RAITOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scraper/(Scraper  +  C  filterer) 
Shredder/Total  organisms 


#TAXA        ABUNDAN  PERCENT 


r 


3 

50 

54.35 

1 

3 

3  26 

8 

26 

28.26 

2 

10 

10.87 

1 

2 

2.17 

I 

1 

1.09 

0^0 

0.00 

0.  ' 

0 
0 
0 

0.00 
0  00 
0.00 

0 

s 

0 

0.00 

0.00 
0.00 
0.00 

DPvTiRSrrY  MEASURES 
Shannon  H  (lege) 
Shannon  H  (log2) 
Evemiess 
Simpson  D 


COMMUNTTY  VOLTINISM  ANALYSIS 


1.92 
2.77 
0.69 
0.28 


TYPE 

Multivoltme 
Univoltine 
Semivoltme 


Tolerant 

Intolerant 

Clinger 


#TAXA 


.ABUNDANCE    PERCENT 

9  9.78 

74  79.89 

10  10.33 


ABUNDANCE    PERCENT 

12  22  23.91 

0  0  0.00 

3  16  17.39 


Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Big  Muddy  Creek: 

Site  ID:   UBM  -  1 

Taxon 


about  1  mile  below  Plentywood  lagoon  discharge 

Approx.  percent  of  sample  used:  10 
Quantity  Percent 


HBI 


FFG 


Nematoda 
Naididae 

Mooreobdella  fen'ida 
Pisidium  sp 
Sphaenum  sp. 
Physidae 
Promenetus  sp 
Cladocera 
Hyalella  azteca 
Acan 


1 

0.33 

5 

PA 

5 

1.66 

8 

CG 

1 

0.33 

10 

PR 

3 

0.99 

8 

CG 

1 

0.33 

8 

CG 

4 

1.32 

8 

CG 

1 

0.33 

6 

SC 

17 

5.63 

8 

CF 

5 

1  66 

8 

CG 

1 

0.33 

5 

PA 

Total  Misc.  Taxa 

39 

12.91 

Oclogomphus  sevenis 
Enallagnia  ehrium 

2 
2 

0.66 
0.66 

4 
9 

PR 
PR 

Total  Odonata 

4 

1.32 

Callihaeiis  sp 
Procloeori  sp 
Caetiis  latipennis 

1 

I 

37 

0  33 

0.33 

12.25 

9 

4 
7 

CG 
CG 
CG 

Total  Ephcmeroptcra 

39 

12.91 

Con>adae  -  immature 
Palmacorixa  buerioa 
Palmacorixa  gillelli 

17 
1 
2 

5.63 
0.33 
0.66 

8 
8 
8 

UN 
PR 
PR 

Total  Hemiptera 

20 

6.62 

Oecetis  sp. 

1 

0.33 

8 

OM 

Total  Trichoptera 

1 

0.33 

Hydroponis  sp  -  larva 
Dubiraphia  sp. 
Gyrimis  sp 
Haliphis  sp  -  larva 
Peltodvles  tortulosiis 


Coiynoiieiiia  sp 
Cncotopus  (Isocladius) 
Cncotopus  Tremulus  Gr. 
Dicrotendipes  sp 
Endochironofnis  sp 
Limnophyes  'sp. 
Paraciiironomus  sp. 
Paramerina  sp. 
Paratanytarsus  sp. 
Tanypus  sp. 
Tanylarsus  sp 


.\t 


1 

0,33 

5 

PR 

:6 

8.61 

6 

CG 

2 

0.66 

8 

PR 

1 

0.33 

5 

Mil 

1 

0.33 

5 

MH 

Total  Coleoptera 

31 

10.26 

Ceratopogoninae 

21 

6.95 

6 

PR 

Total  Diptera 

21 

6.95 

3 

0,94 

7 

CG 

14 

4.64 

7 

CG 

2 

0.66 

7 

CG 

11 

3.64 

8 

CG 

5 

1.66 

10 

CG 

2 

0.66 

8 

CG 

1 

0.33 

10 

PR 

! 

0.33 

6 

PR 

106 

35.10 

6 

UN 

1 

0.33 

10 

PR 

1 

0,33 

6 

CF 

Total  Chironomidae 


147 


48.68 


Grand  Total 


302 


100.00 


Aquatic  Macroinvcrtcbratc  Summary  Data 


Site  Name:  Big  Muddy  Creek:  about  1  mile  bclu>v  Plcnt^^vood  lagoon  discharge 


Site  ID:  UBM  -  1 


302 

40 

36 
4 


TOTAL  ABUNDANCE 
Ephcmeroptera  +  Plccoptera  + 
Tnchoptera  (EPTj  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 

GROUP                         #TAXA  ABUNDAN PERCENT 

Misc  Taxa  10 

Odonata  2 

Ephcmeroptera  3 

Plecoptera  0 

Hcimptera  3 

Megaloptera  0 

Tnchoptera  1 

Lepidoptera  0 

Coleoptera  5 

Diptera  1 

Clirionomidiie  11 


39 

12.91 

4 

1.32 

39 

1291 

0 

O.On 

20 

662 

0 

0.00 

1 

0.33 

0 

0.00 

31 

10,26 

21 

6.95 

47 

48.68 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE    PERCENT 

Paratanytarsus  sp. 

Caetiis  latipennis 

Dubiraphia  sp 

Ceralopogoninae 

Cladocera 

SUBTOTAL  5  DOMINANTS 

Corixidae  -  immature 

Cricolopus  (Isocladius) 

Dicrotendipes  sp. 

Naididae 

Hyalella  azteca 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Hilsenhofl'  Biolic  Index 


106 

35.10 

37 

12.25 

26 

8.61 

21 

6.95 

17 

5.63 

207 

68.54 

17 

5.63 

14 

4.64 

11 

3.64 

5 

1.66 

5 

1.66 

259 

85.76 

6.75 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


0.27 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSFFION 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collector-fillcrer 

Macrophyto-hcrbivorc 

Piercer-herbivore 

Scraper 

Shredder        / 

Xylophage 

Ommvore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/Collector-filterer 
Scrapcr/(  Scraper  +  C.fillerer) 
SliredderAI  olal  orgiuiisms 


STAXA        ABUN1.MN  PERCENT 


11 

35 

11.59 

2 

2 

0.66 

15 

120 

39.74 

2 

18 

5.96 

2 

2 

0.66 

0 

0 

0.00 

1    ^    1 

0.33 

0 

0 

0.00 

--\' 

1) 

1 

0.00 
0.33 

2 

:S 

123 

40.73 

0,06 
0.05 
0.00 

DIVERSFFY  MEASURES 
Sharmon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Smipson  D 


COMMUNTFY  VOLTINISM  ANALYSIS 


2  10 

3  03 
0.59 
0.13 


TYPE 

Multivoltme 
Univoltine 
Semivolline 


Tolerant 

Intolerant 

CUnger 


#TAXA 


ABUNDANCE    PERCENT 

131  43.29 

136  45.12 

35  11.59 


ABUNDANCE    PERCENT 

12  100  33,11 

0  0  0,00 

4  43  14  24 


Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Upstream  from  Plentywood 

Site  ID:   UBM  -  2 

Taxon 


Approx.  j)ercent  of  sample  used:  80 
Quantity  Percent 


HBI 


FFG 


EnchNtraeidae 
Naididae 

Placobdella  omata 
Pisidium  sp 
Physidae 
Promenetus  sp 
Cladocera 
Hyalella  azteca 
Acari 


Total  Misc.  Taxa 

Aeshna  interrupta 
Enallagma  ebrium 
Enallagma  civile 
Enallagma  cyathigerum 
Lesles  congener 


3 
1 
2 
20 
1 
9 
9 


0.34 
1.02 
0.34 
0.68 
6.78 
0.34 
3.05 
3.05 
0.34 


CG 
CG 
PR 
CG 
CG 
SC 
CF 
CG 
PA 


47 


15.93 


Cncotopus  Bicinctus  Gr 
Dicrotendipes  .sp, 
Endochironorfus  sp 
Nanocladius  'sp. 
Paralanylarsus  sp 
Procladius  sp 
Pseudochironomiis  sp 
Tanytarsus  sp. 


0.68 
1.02 
0.68 
0.34 
1,69 


2 
6 

10 
1 

28 
1 
1 

10 


068 
2,03 
3,39 
0.34 
9.49 
0.34 
0.34 
3.39 


PR 
PR 
PR 
PR 
PR 


Total  Odonata 

13 

4.41 

Procloeon  sp 
Caenis  lalipetinis 
Hexagenia  limbata 

59 
49 

2 

20.00 

16.61 

068 

4 

7 
6 

CG 
CG 
CG 

Total  Ephcmcroptera 

110 

37.29 

Con.\idae  -  immature 
Palmacorixa  gilletti 
Sigara  solensis 

8 
3 
1 

2.71 
1.02 
0.34 

8 
8 
8 

UN 
PR 
PH 

Total  Hcmiptcra 

12 

4.07 

Lepidostoma  sp,-sand  case  larvae 
Limnephilus  sp 
Polycentropus  sp 

2 
4 
1 

0  68 
1.36 
0.34 

1 
3 
6 

SIl 
SH 
PR 

Total  Trichoptera 

7 

2.37 

Duhiraphia  sp, 
Gynnus  sp. 
Haliplus  sp- 

19 
4 

1 

6.44 
1.36 
0.34 

6 
8 

5 

CG 
PR 

MH 

Total  Colcoptcra 

24 

8.14 

C  eralopogonmae 

23 

7.80 

6 

PR 

Total  Diptcra 

23 

7.80 

7 

CG 

8 

CG 

0 

CG 

3 

CG 

6 

UN 

9 

CG 

5 

CG 

6 

CF 

Total  Chironomidae 


59 


20.00 


Grand  Total 


295 


100.00 


Aquatic  Macroinvertcbrate  Sumraarj'  Data 


Site  Name:  Upstream  from  Plent}i^vood 

TOTAL  ABUNDANCE 
Ephenieroptera  +  Plecoplera  + 
Tnchoptcra  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 

GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemjptera 

Megaloptera 

Trichoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chnonomidae 


295 

117 

35 
6 


#TAXA       ABUNDAN  PERCENT 


9 

47 

15.93 

5 

13 

4.41 

3 

110 

37.29 

0 

0 

0.00 

3 

12 

4.07 

0 

0 

0.00 

3 

7 

2.37 

0 

0 

0.00 

3 

24 

8  14 

1 

23 

7  80 

8 

59 

20.00 

Site  ID:  UBM  -  2 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Procloeon  sp 

Caenis  latiperinis 

Parataiiytarsus  sp. 

Ceratopogordnae 

Physidae 

SUBTOTAL  5  DOMINANTS 

Diihiraphia  sp. 

Endochironomus  sp. 

Tanytarsjis  sp. 

Cladocera 

Hyalella  azieca 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Hilsenhoff  Biotic  Index 


:e  ] 

PERCENT 

59 

20.00 

49 

16,61 

28 

9.49 

23 

7.80 

20 

6.78 

179 

60.68 

19 

6.44 

10 

3.39 

10 

3.39 

9 

3.05 

9 

3.05 

236 

80.00 

6.38 


RAITOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


.98 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSFTION 
GROUP  #TAXA        ABUNDAh  PERCENT 

Predator 


Parasite 

Collector-gatherer 

Collector-rilterer 

Macrophvte-herbivore 

Piercer-herbivore 

Scraper 

Sliredder        ; 

Xylophage 

Onrnivore 

Unknown 


10 

1 

15 

-> 


■i' 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/Collector-filterer 
Scraper/( Scraper  +  C  fillerer) 
ShredderAl  otal  orgarusms 


45 

1 

185 

19 


6 

0 

0 

36 


15.25 
0..i4 

6271 
6,44 
0  34 
0  34 
0.34 
2.03 
0,00 
0  00 

12,20 


0.05 
0,05 
0,01 


DIVERSFFY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Simpson  D 


COMMUNTFY  VOLTINISM  ANALYSIS 


2,40 
3.46 
0.68 
0.09 


TYPE 

Multivoltme 
Univoltine 
Semivoltinc 


Tolerant 

Intolerant 

Clinger 


#TAXA 


ABUNDANCE    PERCENT 

99  33.56 

168  5695 

28  9.49 


ABUNDANCE    PERCENT 

12  124  42.03 

0  0  000 

3  31  10,51 


Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Bridge  at  Redstone 

Site  ID:   UBM  -  15 

Taxon 


Approx.  percent  of  sample  used:  17 

QuantitT,-  Percent  HBI 


FFG 


Naididae 

Myzobdella  luguhris 
Physidae 
Promenetus  sp. 
Cladocera 
Hyalella  azteca 
Acari 


Coiyiioneuni  sp. 
Cricolopus  (Isocladius) 
Cn'ptochironormis  sp. 
Nanocladius  sp. 
Paralanyiarsus  sp. 
Procladius  sp 
Psectrocladtus  elalus 
Taiiytarsus  sp. 


45 

13.80 

8 

CG 

1 

0.31 

10 

PR 

24 

7.36 

8 

CG 

5 

1.53 

6 

SC 

8 

2.45 

8 

CF 

33 

10  12 

8 

CG 

11 

337 

5 

PA 

Total  Misc.  Taxa 

127 

38.96 

Coenagnomdae-early  instar 
Enallagma  cyathigerum 
Enallagma  ebrium 

8 
2 

5 

2.45 
0.61 
1.53 

9 
9 
9 

PR 
PR 
PR 

Total  Odonata 

15 

4.60 

Procloeon  sp 
Caeriis  latipennis 

1 
41 

0.31 
12.58 

4 

7 

CG 
CG 

Total  Ephemeroptera 

42 

12.88 

Corixidae  -  immature 
Palmacorixa  gillelti 

12 
6 

3.68 
1.84 

8 
8 

UN 
PR 

Total  Heraiptera 

18 

5.52 

Oxyethira  sp 

2 

0.61 

3 

PH 

Total  Trichoptera 

2 

0.61 

Duhiraphia  sp 
Peltadytes  sp.  -  larvae 
Peltodvtes  edenlulus 

3 

3 

1 

0.92 
0.92 
0.31 

6 

5 
5 

CG 

MH 
MH 

Total  Colcoptera 

7 

2.15 

Ceratopogorunae 
Tabanidae 

11 

I 

3.37 
0.31 

6 
8 

PR 
PR 

Total  Diptera 

12 

3.68 

1 
1 
1 

2 

78 

1 

3 

16 


0.31 
0.31 
0.31 
0.61 
23.93 
0.31 
0.92 
4.91 


7 

CG 

7 

CG 

8 

PR 

3 

CG 

6 

UN 

9 

CG 

8 

CG 

6 

CF 

Total  Chironomidae 


103 


31.60 


Grand  Total 


326 


100.00 


."^t 


Aquatic  Macroinvertcbratc  Summary  Data 


Site  Name:  Bridge  at  Redjitone 

TOTAL  ABUNDANCE  ■  326 

Ephemcroptera  +  Plecoptera  + 

Tnchoptera  (EP T)  abundance  44 

TOTAI.  NUMBER  OF  TAXA  28 

Number  EFT  laxa  3 

TAXONOMIC  GROUP  COMPOSITION 

GROUP  #TAXA       ABUNDAh  PERCENT 

Misc,  Taxa  7 

Odonata  3 

I'phemeroplera  2 

l^lecoptera  0 

Heiniptera  2 

Megaloplera  0 

Tnchoptera  1 

l.cpidoplcra  0 

Coleoptera  3 

Diptcra  2 

Chnonomidiie  8 


127 

38.96 

15 

4.60 

42 

1288 

0 

0.00 

18 

5.52 

0 

0  00 

2 

0.61 

0 

0.00 

7 

2  15 

12 

3.68 

103 

31.60 

Site  BP:  UBM  -  15 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Paratanytarsus  sp. 

Naididae 

Caenis  latipennis 

Hyalella  azteca 

Physidae 

SUBTOTAL  5  DOMINANTS 

Tanytarsus  sp 

Corixidae  -  immature 

Acan 

Ceralopogoninae 

Cladocera 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenholTBiotic  Index 


CE  : 

PERCENT 

78 

23.93 

45 

13.80 

41 

12.58 

33 

10.12 

24 

7.36 

221 

67,79 

16 

4,91 

12 

3.68 

11 

3.37 

11 

3.37 

8 

2.45 

58 

17.79 

7.02 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


0.43 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 

GROUP  #TAXA        ABUNDAIx  PERCENT 

Predator 

Parasite 

Collector-gatherer 

CoUcctor-filterer 

MacrophNle-herbi  vore 

I'lercer-herbivore 

Scraper 


Sliredder 
Xyiophage 
Omni  vore 
Unknown 


11 

2 
2 
1 
1 
0 
.0  ' 

2 


RA  riOS  OF  FFG  ABUNDANCES 
Scraper/C  ol  lector-  fi  1  terer 
Scraper/C Scraper  +  C  filterer) 
Shredder/Total  organisms 


35 

10.74 

11 

3.37 

55 

47.55 

24 

7.36 

4 

1.23 

2 

0.61 

5 

1.53 

0 

0.00 

0 

0.00 

0 

0.00 

90 

27.61 

0.21 

0.17 

0.00 

DIVERSITY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Simpson  D 


2.19 
3.15 
0.66 
0.10 


COMMUNTFY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE    PERCENT 

Multivoltine  99  30.21 

Univolline  221  67.64 

Semivoltme  7  2.15 


lolerant 

Intolerant 

Clinger 


#TAXA        ABUNDANCE    PERCENT 

12  118  36.20 

0  0  0.00 

3  20  6.13 


Aquatic  Macroinvertebrate  Taxonomic  Data 


Site  Name:  Beaver  Creek:  Dutch  Henry  Rd. 

Site  ID:   UBM  -  20 

Taxon 


crossing:  above  confl.  with  Big  Muddy  Ck. 

Approx.  percent  of  sample  used:  33 
Quantity  Percent 


Naididae 

Erpobdella  punctata 
Kiooreobdella  sp 
Physidae 
Copepoda 
Ganimarus  sp 
Hyalella  azteca 
Acan 


Cricotopus  hre\'ipalpus 
Cncotopus  Tremulus  Gt. 
Ciyptochironomus  sp 
Limnophyes     ■ 
ParalanylarsifF  sp. 
Tanytarsus  ^. 
Thienemanrumyia  Gr. 


-v' 


Total  Chironomidac 


3 
1 
1 

11 
1 
2 

26 
7 


0.92 
0.31 
0.31 
3.38 
0.31 
0.62 
8.00 
2.15 


1 
2 
2 
2 
4 

22 
4 


0.31 
0.62 
0.62 
0.62 
1.23 
6.77 
1.23 


37 


11.38 


HBI 


10 
10 


FFG 


CO 
PR 
PR 
CO 
CO 
CO 
CO 
PA 


Total  Misc.  Taxa 

52 

16.00 

Aeshnidae-early  instar 
Ophiogomphus  sevenis 
Enallagma  ebiium 

1 
1 

1 

0.31 
0.31 

031 

3 
4 
9 

PR 
PR 
PR 

Total  Odonata 

3 

0.92 

Baetis  intercalaris 
Caenis  latipennis 

4 
142 

1.23 
43.69 

5 

7 

CO 
CG 

Total  Ephemeroptera 

146 

44.92 

Conxidae  -  immature 
Palmacorixa  gilletti 
Sigara  grossolineata 

11 
6 

5 

3.38 
1.85 
1.54 

8 
8 
8 

UN 
PR 
PH 

Total  Hcmiptera 

22 

6.77 

Cheumatopsyche  sp 
Hydropsyche  sp. 
Hydroptila  sp 

2 
2 

4 

0.62 
0.62 
1.23 

8 
4 
6 

CF 
CF 
PH 

Total  Trichoptcra 

8 

2.46 

Hydroponis  sp 
Duhiraphia  sp 
Haliplus  sp 

2 

16 

3 

0.62 
4.92 
0.92 

5 
6 
5 

PR 
CG 

MH 

Total  Coleoptcra 

21 

6.46 

Ceratopogonmae 
Tabanidae 
Dicranota  sp 

33 
1 
2 

10.15 
0.31 
062 

6 
8 
3 

PR 
PR 
PR 

Total  Diptera 

36 

11.08 

CG 
CG 

PR 
CG 
UN 
CF 
PR 


Grand  Total 


325 


100.00 


Aquatic  Macroinvertebrate  Summan'  Data 


Site  Name:  Beaver  Creek:  Dutch  Hcnn'  Rd.  crossing:  above  confl.  with  Big  Muddy  Ck. 


Site  ID: 


325 

154 

32 
5 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoplera  (EFT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMI^OSITION 

GROUP  #TAXA       ABUNDAN  PERCENT 

Misc  Taxa  8 

Odonata  3 

Ephemeroptera  2 

Plecoptera  0 

Hemiptera  3 

Megaloptera  0 

Trichoptera  3 

Lepidoptera  0 

Coleoplcra  3 

Diptera  3 

Clinonomidae  7 


52 

16.00 

3 

0.92 

46 

44.92 

0 

0.00 

22 

6.77 

0 

0.00 

8 

2.46 

0 

0.00 

21 

6.46 

36 

11.08 

37 

11.38 

CONTRIBUnON  OF  DOMINANT  TAXA 

TAXON  ABl 

Caeiiis  latipennis 

Ceratopogorunae 

Hyalella  azteca 

Tanytarsus  sp 

Dubiraphia  sp. 

SUBTOTAL  5  DOMINANTS 

Physidae 

Corixidae  -  immature 

Acari 

Palmacorixa  gilletti 

Sigara  grossolmeala 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhofTBiotic  Index 


UBM  -  20 

A 

ANCE    PERCENT 

142 

43.69 

33 

10.15 

26 

8.00 

22 

6.77 

16 

4.92 

239 

73.54 

11 

3.38 

11 

3.38 

7 

2.15 

6 

1.85 

5 

1,54 

40 

12.31 

6.82 


RATIOS  OF  TAX  GROUI^  ABUNDANCES 
EPT/Chirononiidae 


4  16 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 


GROUP 

Predator 

Parasite 

Collector-gatherer 

CoUcctor-filtcrer 

Macroph\lc-herbivore 

Pierter-herbivore 

Scraper 

Sliredder         / 

Xylophage 

Ommvore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/Collector-filterer 
Scrapcr/f Scraper  +  C  filterer) 
Shreddcr/Total  org;misms 


#TAXA        ABUNDAN PERCENT 


12 

55 

16.92 

1 

7 

2.15 

11 

210 

64.62 

3 

26 

8.00 

1 

3 

0.92 

2 

9 

2.77 

0 

^        " 

0  00 

0 

0 

0  00 

-i' 

0 
0 

0.00 
0.00 

2 

;s 

15 

4.62 

0.00 
0.00 
0.00 

DlVERSri'Y  MEASURES 
Shannon  Fi  (loge) 
Shamion  H  ( log2 ) 
Evenness 
Simpson  D 


1.91 
2.76 
0.55 
0  18 


COMMUNTTY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE    PERCENT 

Miiltivoltmc  43  13.15 

Umvoltine  259  79  77 

Semivoltuie  23  7.08 


Tolerant 

Intolerant 

dinger 


#TAXA        ABUNDANCE    PERCENT 

12  213  65.54 

0  0  0.00 

7  49  15.08 


• 


s 

333.955 
E30BIO 
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INTRODUCTION 

Aquatic  invertebrates  are  aptly  applied  to  bioassessment  since  they  are  known  to 
be  important  indicators  of  stream  ecosystem  health  (Hynes  1970).  Long  lives,  complex 
life  cycles  and  limited  mobility  mean  that  there  is  ample  time  for  the  benthic  community 
to  respond  to  cumulative  effects  of  environmental  perturbations. 

This  report  summarizes  data  collected  in  March  1999  to  evaluate  the  effects  of  an 
oil  spill  on  Casino  Creek,  a  stream  tributary  to  Big  Spring  Creek,  Fergus  County, 
Montana.  Aquatic  invertebrate  assemblages  were  sampled  by  personnel  of  the  Montana 
Department  of  Fish  Wildlife  and  Parks.  Study  sites  lie  within  the  Montana  Valley  and 
Foothill  Prairies  ecoregion.  (Woods  et  al.  1999).  A  multimetric  approach  to 
bioassessment  such  as  the  one  applied  in  this  study  uses  attributes  of  the  assemblage  in  an 
integrated  way  to  measure  biotic  health.  A  stream  with  good  biotic  health  is  "  ...a 
balanced,  integrated,  adaptive  system  having  the  full  range  of  elements  and  processes  that 
are  expected  in  the  region's  natural  environment..."  (Karr  and  Chu  1999).  The  approach 
designed  by  Plafkin  et  al.  (1989)  and  adapted  for  use  in  the  State  of  Montana  has  been 
defined  as  "...  an  array  of  measures  or  metrics  that  individually  provide  information  on 
diverse  biological  attributes,  and  when  integrated,  provide  an  overall  indication  of 
biological  condition."  (Barbour  et  al.  1995).  Community  attributes  that  can  contribute 
meaningfully  to  interpretation  of  benthic  data  include  assemblage  structure,  sensitivity  of 
community  members  to  stress  or  pollution,  and  functional  traits.  Each  metric  component 
contributes  an  independent  measure  of  the  biotic  integrity  of  a  stream  site;  combining  the 
components  into  a  total  score  reduces  variance  and  increases  precision  of  the  assessment 
(Fore  et  al.  1995).  Effectiveness  of  the  integrated  metrics  depends  on  the  applicability  of 
the  underlying  model,  which  rests  on  a  foundation  of  three  essential  elements  (Bollman 
1998).  The  first  of  these  is  an  appropriate  stratification  or  classification  of  stream  sites, 
typically,  by  ecoregion.  Second,  metrics  must  be  selected  based  upon  their  ability  to 
accurately  express  biological  condition.  Third,  an  adequate  assessment  of  habitat 
conditions  at  each  site  to  be  studied  is  needed  to  assist  in  the  interpretation  of  metric 
outcomes. 

Implicit  in  the  multimetric  method  and  its  associated  habitat  assessment  is  an 
assumption  of  correlative  relationships  between  habitat  parameters  and  the  biotic  metrics, 
in  the  absence  of  water  quality  impairment.  These  relationships  may  vary  regionally, 
requiring  an  examination  of  habitat  assessment  elements  and  biotic  metrics  and  a  test  of 
the  presumed  relationship  between  them.  Bollman  (1998)  has  recently  studied  the 
assemblages  of  the  Montana  Valleys  and  Foothill  Prairies  ecoregion,  and  has 
recommended  a  battery  of  metrics  applicable  to  the  montane  ecoregions  of  western 
Montana.  This  metric  battery  has  been  shown  to  be  sensitive  to  impairment,  related  to 
habitat  assessment  parameters,  and  consistent  over  replicated  samples. 

Habitat  assessment  enhances  the  interpretation  of  biological  data  (Barbour  and 
Stribling  1991),  because  there  is  generally  a  direct  response  of  the  biological  community 
to  habitat  degradation  in  the  absence  of  water  quality  impairment.  If  biotic  health  appears 
more  damaged  than  the  habitat  quality  would  predict,  water  pollution  by  metals,  other 
toxicants,  high  water  temperatures,  or  high  levels  of  organic  and/or  nutrient  pollution 
might  be  suspected.  On  the  other  hand,  an  "artificial"  elevation  of  biotic  condition  in  the 
presence  of  habitat  degradation  may  be  due  to  the  paradoxical  effect  of  mild  nutrient  or 
organic  enrichment  in  an  oligotrophic  setting. 


METHODS 

Aquatic  invertebrates  were  sampled  by  Anne  Tews,  fisheries  biologist  with 
Montana  Fish  Wildlife  and  Parks  in  March  1999  at  3  sites  on  Big  Spring  Creek.  Site 
locations  and  sampling  dates  are  indicated  in  Table  1 .  The  sampling  method  employed 
was  that  recommended  in  the  Montana  Department  of  Environmental  Quality  (DEQ) 
Standard  Operating  Procedures  for  Aquatic  Macro  invertebrate  Sampling  (Bukantis 
1998).  In  addition  to  aquatic  invertebrate  sample  collection,  habitat  quality  was  visually 
evaluated  at  each  site  and  reported  by  means  of  the  habitat  assessment  protocols 
recommended  by  Bukantis  (1998). 

Evaluated  habitat  features  include  instream  conditions,  larger-scale  channel 
conditions  including  flow  status,  streambank  condition,  and  extent  of  the  riparian  zone. 
Scores  were  assigned  in  the  field  to  each  habitat  measure,  and  these  scores  were  totaled 
and  compared  to  the  maximum  possible  score  to  give  an  overall  assessment  of  habitat. 

Aquatic  invertebrate  samples  and  associated  habitat  data  were  delivered  to 
Rhithron  Biological  Associates,  Missoula,  Montana,  for  laboratory  and  data  analyses. 
In  the  laboratory,  the  Montana  DEQ-recommended  sorting  method  was  used  to  obtain 
subsamplcs  of  at  least  300  organisms  trom  each  sample,  when  possible.  Organisms  were 
identified  to  the  lowest  possible  taxonomic  levels  consistent  with  Montana  DEQ 
protocols. 

To  assess  aquatic  invertebrate  communities  in  this  study,  a  multimetric  index 
developed  in  previous  work  for  streams  of  western  Montana  ecoregions  (Bollman  1998) 
was  used,  since  these  metrics  are  probably  pertinent  to  the  evaluation  of  Big  Spring 
Creek.  Multimetric  indices  result  in  a  single  numeric  score,  which  integrates  the  values  of 
several  individual  indicators  of  biologic  health.  Each  metric  used  in  this  index  was  tested 
for  its  response  or  sensitivity  to  varying  degrees  of  human  influence.  Correlations  have 
been  demonstrated  between  the  metrics  and  various  symptoms  of  human-caused 
impairment  as  expressed  in  water  quality  parameters  or  instream,  streambank  and  stream 
reach  morphologic  features.  Metrics  were  screened  to  minimize  variability  over  natural 
environmental  gradients,  such  as  site  elevation  or  sampling  season,  which  might 
confound  interpretation  of  results  (Bollman  1998).  The  multimetric  index  used  in  this 
report  incorporates  multiple  attributes  of  the  sampled  assemblage  into  an  integrated  score 
that  accurately  describes  the  benthic  community  of  each  site  in  terms  of  its  biologic 
integrity.  In  addition  to  the  metrics  comprising  the  index,  other  metrics,  which  have  been 
shown  to  be  applicable  to  biomonitoring  in  other  regions  (Kleindl  1995,  Patterson  1996, 
Rossano  1995)  were  used  for  descriptive  interpretation  of  results.  These  metrics  include 
the  number  of  "dinger"  taxa,  long-lived  taxa  richness,  the  percent  of  predatory 
organisms,  and  others.  They  are  not  included  in  the  integrated  bioassessment  score, 
however,  since  their  performance  in  western  Montana  ecoregions  is  unknown.  However, 
{  the  relationship  of  these  metrics  to  habitat  conditions  is  intuitive  and  reasonable. 

\  The  six  metrics  comprising  the  bioassessment  index  used  in  this  study  were 

selected  because  both  individually  and  as  an  integrated  metric  battery,  they  are  robust  at 
distinguishing  impaired  sites  fi-om  relatively  unimpaired  sites  (Bollman  1998).  In 
addition,  they  are  relevant  to  the  kinds  of  impacts  that  are  present  in  Big  Spring  Creek 
drainage.  They  have  been  demonstrated  to  be  more  variable  with  anthropogenic 
disturbance  than  with  natural  environmental  gradients  (Bollman  1998).  Each  of  the  six 
metrics  developed  and  tested  for  western  Montana  ecoregions  is  described  below. 


Table  1.  Sampling  sites  and  dates:  three  sites  on  Big  Spring  Creek.  Sites  are  listed  from 
upstream  to  downstream. 

Site                      C-*    J       ■  *■                        Sampling  GPS  locations 

,    .      ,.                    Site  descnption                       _^     °  r     ■     ,  t        •     , 

designation Date Latitude         Longitude 

1  Tresch:  Carroll  Trail:  ^^^^^^  47W59"    109°26'56" 
downstream  or  Lewistown 

Dunnington's:  Public  Bridge: 

2  0.7  miles  below  confluence  of  3/9/99  47°03'20"     109°24'56" 


Casino  Creek 

Brewery  Flats:  above  Casino 

Creek  confluence 


3/8/99  47°02'53"    109°24'43" 


1.  Ephemeroptera  (mayfly)  taxa  richness.  The  number  of  mayfly  taxa 
declines  as  water  quality  diminishes.  Impairments  to  water  quality  which  have  been 
demonstrated  to  adversely  affect  the  ability  of  mayflies  to  flourish  include  elevated 
water  temperatures,  heavy  metal  contamination,  increased  turbidity,  low  or  high  pH, 
elevated  specific  conductance  and  toxic  chemicals.  Few  mayfly  species  are  able  to 
tolerate  certain  disturbances  to  instream  habitat,  such  as  excessive  sediment 
deposition. 

2.  Plecoptera  (stonefly)  taxa  richness.  Stoneflies  are  particularly 
susceptible  to  impairments  that  affect  a  stream  on  a  reach-level  scale,  such  as  loss  of 
riparian  canopy,  streambank  instability,  channelization,  and  alteration  of 
morphological  features  such  as  pool  frequency  and  ftmction,  riifle  development  and 
sinuosity.  Just  as  all  benthic  organisms,  they  are  also  susceptible  to  smaller  scale 
habitat  loss,  such  as  by  sediment  deposition,  loss  of  interstitial  spaces  between 
substrate  particles,  or  unstable  substrate. 

3.  Trichoptera  (caddisfly)  taxa  richness.  Caddisfly  taxa  richness  has  been 
shown  to  decUne  when  sediment  deposition  affects  their  habitat.  In  addition,  the 
presence  of  certain  case-buUding  caddisflies  can  indicate  good  retention  of  woody 
debris  and  lack  of  scouring  flow  conditions. 

4.  Number  of  sensitive  taxa.  Sensitive  taxa  are  generally  the  first  to 
disappear  as  anthropogenic  disturbances  increase.  The  list  of  sensitive  taxa  used  here 
includes  organisms  sensitive  to  a  wide  range  of  disturbances,  including  warmer  water 
temperatures,  organic  or  nutrient  pollution,  toxic  pollution,  sediment  deposition, 
substrate  instability  and  others.  Unimpaired  streams  of  western  Montana  typically 
support  at  least  four  sensitive  taxa  (Bollman  1998). 

5.  Percent  filter  feeders.  FUter-feeding  organisins  are  a  diverse  group;  they 
capture  small  particles  of  organic  matter,  or  organically  enriched  sediment  material, 
from  the  water  column  by  means  of  a  variety  of  adaptations,  such  as  silken  nets  or 
hairy  appendages.  In  forested  montane  streams,  filterers  are  expected  to  occur  in 
insignificant  numbers.  Their  abundance  increases  when  canopy  cover  is  lost  and 
when  water  temperatures  increase  and  the  accompanying  growth  of  filamentous  algae 
occurs.  Some  filtering  organisms,  specifically  the  Arctopsychid  caddisflies 
{Arctopsyche  spp.  and  Parapsyche  sp.)  build  silken  nets  with  large  mesh  sizes  that 


capture  small  organisms  such  as  chironomids  and  early-instar  mayflies.  Here  they  are 
considered  predators,  and,  in  this  study,  their  abundance  does  not  contribute  to  the 
percent  filter  feeders  metric. 

6.    Percent  tolerant  taxa.  Tolerant  taxa  are  ubiquitous  in  stream  sites,  but 
when  disturbance  increases,  their  abundance  increases  proportionately.  The  list  of 
ta.xa  used  here  includes  organisms  tolerant  of  a  wide  range  of  disturbances,  including 
warmer  water  temperatures,  organic  or  nutrient  pollution,  toxic  pollution,  sediment 
deposition,  substrate  instability  and  others. 

Scoring  criteria  for  each  of  the  six  metrics  are  presented  in  Table  2.  Metrics  differ 
in  their  possible  value  ranges  as  well  as  in  the  direction  the  values  move  as  biological 
conditions  change.  For  example,  Ephemeroptera  richness  values  may  range  from  zero  to 
ten  taxa  or  higher.  Larger  values  generally  indicate  favorable  biotic  conditions.  On  the 
other  hand,  the  percent  filterers  metric  may  range  from  0%  to  100%;  in  this  case,  larger 
values  are  negative  indicators  of  biotic  health.  To  facilitate  scoring,  therefore,  metric 
values  were  transformed  into  a  single  scale.  The  range  of  each  metric  has  been  divided 
into  four  parts  and  assigned  a  point  score  between  zero  and  three.  A  score  of  three 
indicates  a  metric  value  similar  to  one  characteristic  of  a  non-impaired  condition.  A  score 
of  zero  indicates  strong  deviation  from  non-impaired  condition  and  suggests  severe 
degradation  of  biotic  health.  Scores  for  each  metric  were  summed  to  give  an  overall 
score,  the  total  bioassessment  score,  for  each  site  in  each  sampling  event.  These  scores 
were  expressed  as  the  percent  of  the  maximum  possible  score,  which  is  18  for  this  metric 
battery. 

Table  2.  Metrics  and  scoring  criteria  for  bioassessment  of  streams  of  western  Montana 
ecoregions  (Bollman  1998). 


Score 

metric 

3 

2 

1 

0 

Ephemeroptera  taxa  richness 

>5 

5-4 

3-2 

<2 

Plecoptera  taxa  richness 

>3 

3-2 

1 

0 

Trichoptera  taxa  richness 

>4 

4-3 

2 

<2 

Sensitive  taxa  richness 

>3 

3-2 

1 

0 

Percent  filterers 

0-5 

5.01  -10 

10.01-25 

>25 

Percent  tolerant  taxa 

0-5 

5.01  -10 

10.01  -35 

>35 

The  total  bioassessment  score  for  each  site  was  expressed  in  terms  of  use-support. 
Criteria  for  use-support  designations  were  developed  by  Montana  DEQ  and  are  presented 
in  Table  3a.  Scores  were  also  translated  into  impairment  classifications  according  to 
criteria  outlined  in  Table  3b. 

In  this  report,  certain  other  metrics  were  used  as  descriptors  of  the  benthic 
community  response  to  habitat  or  water  quality  but  were  not  incorporated  into  the 
bioassessment  metric  battery,  either  because  they  have  not  yet  been  tested  for  reliability 
in  streams  of  western  Montana,  or  because  results  of  such  testing  did  not  show  them  to  be 
robust  at  distinguishing  impairment,  or  because  they  did  not  meet  other  requirements  for 


inclusion  in  the  metric  battery.  These  metrics  and  their  use  in  predicting  the  causes  of 
impairment  or  in  describing  its  effects  on  the  biotic  community  are  described  below. 

•  The  modified  biotic  index.  This  metric  is  an  adaptation  of  the  Hilsenhoff  Biotic 
Index  (HBI,  Hilsenhoff  1987),  which  was  originally  designed  to  indicate  organic 
enrichment  of  waters.  Values  of  this  metric  are  lowest  in  least  impacted 
conditions.  Taxa  tolerant  to  saprobic  conditions  are  also  generally  tolerant  of 
warm  water,  fine  sediment  and  heavy  filamentous  algae  growth  (Bolhnan, 
unpublished  data).  Loss  of  canopy  cover  is  often  a  contributor  to  higher  biotic 
index  values.  The  taxa  values  used  in  this  report  are  modified  to  reflect  habitat 
and  water  quality  conditions  in  Montana  (Bukantis  1998).  Ordination  studies  of 
the  benthic  fauna  of  Montana's  foothill  prairie  streams  showed  that  there  is  a 
correlation  between  modified  biotic  index  values  and  water  temperature,  substrate 
embeddedness,  and  fine  sediment  (Bollman  1998).  In  a  study  of  reference 
streams,  the  average  value  of  the  modified  biotic  index  in  least-impaired  streams 
of  western  Montana  was  2.5  (Wisseman  1992). 

•  Taxa  richness.  This  metric  is  a  simple  count  of  the  number  of  unique  taxa  present 
in  a  sample.  Average  taxa  richness  in  samples  fi-om  reference  streams  in  western 
Montana  was  28  (Wisseman  1992).  Taxa  richness  is  an  expression  of  biodiversity, 
and  generally  decreases  with  degraded  habitat  or  diminished  water  quality. 
However,  taxa  richness  may  show  a  paradoxical  increase  when  mild  nutrient 
enrichment  occurs  in  previously  oligotrophic  waters,  so  this  metric  must  be 
interpreted  with  caution. 

•  Percent  predators.  Aquatic  invertebrate  predators  depend  on  a  reliable  source  of 
invertebrate  prey,  and  their  abundance  provides  a  measure  of  the  trophic 
complexity  supported  by  a  site.  Less  disturbed  sites  have  more  plentifLil  habitat 
niches  to  support  diverse  prey  species,  which  in  turn  support  abundant  predator 
species. 

•  Number  of  "dinger"  taxa.  So-called  "dinger"  taxa  have  physical  adaptations  that 
allow  them  to  cling  to  smooth  substrates  in  rapidly  flowing  water.  Aquatic 
invertebrate  "dingers"  are  sensitive  to  fine  sediments  that  fill  interstices  between 
substrate  particles  and  eliminate  habitat  complexity.  Animals  that  occupy  the 
hyporheic  zones  are  included  in  this  group  of  taxa.  Expected  "dinger"  taxa 
richness  in  unimpaired  streams  of  western  Montana  is  at  least  14  (Bollman, 
unpublished  data). 

•  Number  of  long-lived  taxa.  Long-lived  or  semivoltine  taxa  require  more  than  a 
year  to  completely  develop,  and  their  numbers  decline  when  habitat  and/or  water 
quality  conditions  are  unstable.  They  may  completely  disappear  if  channels  are 
dewatered  or  if  there  are  periodic  water  temperature  elevations  or  other 
interruptions  to  their  life  cycles.  Western  Montana  streams  with  stable  habitat 
conditions  are  expected  to  support  six  or  more  long-lived  taxa  (Bollman, 
unpublished  data). 


Table  3a.  Criteria  for  the  assignment  of  use-support  classifications  /  standards  violation 
thresholds  (Bukantis,  1997). 

%  Comparability  to  reference 

Use  support 

>75 

25-75 

<25 

Full  support-standards  not  violated 

Partial  support-moderate  impairment- 
standards  violated 

Non-support-severe  impairment-standards 
violated 

Table  3b.  Criteria  for  the  assignment  of  impairment  classifications  (Plaflcin  et  al.  1989). 

%  Comparability  to  reference 

Classification 

>83 
54-79 
21-50 
<17 

nonimpaired 
slightly  impaired 
moderately  impaired 
severely  impaired 

RESULTS 

Habitat  assessment 

Figure  1  compares  habitat  assessment  results  for  the  3  sites  in  this  study.  Table  4 
itemizes  the  evaluated  habitat  parameters  and  shows  the  assigned  scores  for  each. 

Figure  1.  Total  habitat  assessment  scores  for  sites  on  Big  Spring  Creek,  March  1999. 
Sites  are  listed  from  upstream  to  downstream. 


Tresch 


Dunnington's 


Brewery  Flats 


Table  4.  Stream  and  riparian  habitat  assessment.  Big  Spring  Creek.  March  1999. 


Max.  possible 
score 

Parameter 

Tresch 

Dunnington's 

Brewery  Flats 

10 

Riffle  development 

9 

9 

7 

10 

Benthic  substrate 

3 

9 

8 

20 

Embeddedness 

7 

11 

12 

20 

Channel  alteration 

12 

5 

3 

20 

Sediment  deposition 

9 

11 

6 

20 

Channel  flow  status 

15 

17 

16 

20 

Bank  stability 

6/6 

8/8 

7/10 

20 

Bank  vegetation 

9/6 

0/9 

8/10 

20 

Vegetated  zone 

10/2 

0/10 

2/6 

160 

Total 

94 

97 

95 

Percent  of  maximum 

59 

61 

59 

CONDITION* 

SUB- 

SUB- 

SUB- 

OPTIMAL 

OPTIMAL 

OPTIMAL 

♦Condition  categories:  Optimal  (OPT)  >  80%  of  maximum  score;  Sub-optimal  (SUB)  75  -  56%;  Marginal 
(MARG)  49  -  29%;  Poor  <23%.  Adapted  from  Plafkin  et  al.  1988. 

Habitat  was  judged  sub-optimal  at  all  three  Big  Spring  Creek  sites. 


Bioassessment 

Macroinvertebrate  taxa  lists,  metric  results,  and  other  information  for  each  sample 
are  given  in  the  Appendix.  Figure  2  compares  the  total  bioassessment  scores  calculated 
for  macroinvertebrate  communities  collected  at  each  of  the  three  sites.  Breakdown  of 
scores  for  each  metric  calculated  from  Big  Spring  Creek  aquatic  invertebrate  samples  is 
presented  in  Table  5. 

Partial  support  of  designated  uses  was  indicated  by  bioassessment  scores  for  all 
three  sites  on  Big  Spring  Creek,  based  on  this  analysis  of  the  aquatic  invertebrate 
assemblages.  Scores  suggested  that  biotic  health  was  moderately  impaired  at  Tresch  and 
Brewery  Flats  and  slightly  impaired  at  Dunnington's.  At  Tresch,  all  insect  richness 
metrics  performed  worse  than  expected.  No  Plecoptera  taxa  and  no  sensitive  taxa  were 
collected.  The  proportion  of  tolerant  taxa  exceeded  expectations. 

The  Ephemeroptera  taxa  richness  at  Dunnington's  was  also  less  than  expected, 
and,  similar  to  the  other  sites,  no  sensitive  taxa  were  collected.  The  proportion  of  both 
filter- feeders  and  tolerant  taxa  both  were  greater  than  expected  for  a  foothills  stream. 

At  Brewery  Flats,  Ephemeroptera  taxa  richness  was  lower  than  expected,  and  no 
sensitive  taxa  showed  up  in  the  sample.  Tolerant  taxa  were  more  abundant  than  expected. 


Figure  2.  Total  bioassessment  scores,  expressed  as  percent  of  maximum,  for  three  sites 
on  Big  Spring  Creek.  March  1999.  The  two  additional  bars  for  the  Tresch  site  represent 
results  from  the  analysis  of  replicates. 


Tresch 


Dunnington's        Brewery  Flats 


Mean  score  D  Tresch  replicate  1  0  Tresch  replicate  2 


Table  5.  Metric  values  and  bioassessments  for  Big  Spring  Creek.  March  1999.  Metric 
values  for  Tresch  represent  averaged  values  from  replicates.  Results  from  individual 
replicates  may  be  found  in  the  Appendix. 


SITES                                                                1 

Tresch  -  rep. 

1 

Tresch  -  rep. 

2 

Tresch -mean 
values 

Dunnington's 

Brewery  Flats 

METRICS 

METRIC  VALUES 

Ephemeroptera  richness 

7 

2 

2 

3 

3 

Plecoptera  richness 

0 

0 

0 

4 

2 

Trichoptera  richness 

3 

4 

3.5 

5 

6 

Number  of  sensitive  taxa 

0 

0 

0 

0 

0 

Percent  filterers 

1 

6 

3.5 

10.2 

1 

Percent  tolerant  taxa 

12 

20 

16 

20 

31 

METRIC  SCORES                                                     | 

Ephemeroptera  richness 

1 

1 

1 

1 

1 

Plecoptera  richness 

0 

0 

0 

3 

2 

Trichoptera  richness 

2 

2 

2 

3 

3 

Number  of  sensitive  taxa 

0 

0 

0 

0 

0 

Percent  Hlterers 

3 

2 

3 

1 

3 

Percent  tolerant  taxa 

1 

I 

1 

1 

1 

TOTAL  SCORE  (max.=18) 

7 

6 

7 

9 

10 

PERCENT  OF  MAX. 

39 

30 

39 

50 

56 

Impairment  classirication* 

MOD 

SLI 

MOD 

USE  SUPPORT  T 

PART 

PART 

PART 

1.  Classifications:  (NGN)  non-impaired,  (SLI)  slightly  impaired,  (MOD)  moderately  impaired, 
severely  impaired.  See  Table  3b. 

'Use  support  designations:  See  Table  3a. 


(SEV) 


Aquatic  invertebrate  communities 

The  biotic  index  value  (3.39)  calculated  for  the  assemblage  collected  at  Tresch 
was  low  enough  to  be  within  expected  limits  for  a  foothill  stream.  However,  the  low 
mayfly  richness  contradicts  this  evidence  for  good  water  quality;  only  2  mayfly  taxa  were 
collected  at  the  site.  This  combination  of  seemingly  contradictory  observations  may 
indicate  that  chemical  water  quality  was  good,  but  that  temperature  was  elevated.  Other 
evidence  of  warm  water  at  the  site  was  the  presence  of  several  taxa  that  prefer  those 
conditions,  such  as  the  caddisfly  Helicopsyche  borealis,  and  the  isopod  Caecidotea  sp. 
Physid  snails  were  also  abundant  here.  Small-scale  instream  habitat  disturbance  is 
suggested  by  the  dearth  of  both  caddisfly  taxa  and  "dinger"  taxa,  typically  indicative  of 
fine  sediments  obliterating  hard  benthic  surfaces  and  preventing  colonization.  Taxa 
richness  is  not  particularly  impressive,  and  predators  are  uncommon  at  the  site, 
suggesting  that  habitats  are  not  readily  available,  perhaps  due  to  monotonous  substrate  or 
scouring  flow  conditions.  Reach-scale  habitat  disturbances  or  shortcomings  appear  to 
also  affect  the  benthic  assemblage;  no  stoneflies  were  collected  at  the  site.  Such  large- 
scale  inadequacies  might  include  loss  of  riparian  function,  channel  alteration,  or 
extensive  streambank  instability.  Functionally,  the  benthic  assemblage  appears  to  be 
skewed  toward  collectors. 

At  Dunnington's,  warm  water  temperatures  were  again  suggested  by  the  biotic 
index  value  (2.69)  along  with  the  low  number  of  mayfly  taxa  (3)  collected.  Disturbance 
to  large-scale  habitat  features  may  have  been  less  pronounced  at  this  site  than  at  the 
others;  evidence  for  this  can  be  discerned  in  the  4  stonefly  taxa  collected  here.  They 
include  the  perlids  Claassenia  sahulosa  and  Calineuria  californica,  two  of  the  6 
predatory  taxa  present  at  the  site.  This  is  a  relatively  high  predator  richness,  and  suggests 
that  instream  habitats  were  diverse  and  plentiful.  Hard  substrates  appear  to  be  free  fi-om 
substantial  fine  sediment  deposition,  since  1 1  "dinger"  taxa  and  5  caddisfly  genera  were 
present  at  the  site.  AH  expected  fianctional  components  of  a  healthy  assemblage  are 
represented  at  Dunnington's. 

At  Brewery  Flats,  similar  evidence  concerning  water  quality  could  be  discerned. 
The  low  biotic  index  value  and  the  poor  showing  of  mayfly  taxa  suggest  elevated  water 
temperatures.  Physid  snails  were  the  dominant  taxon  present  at  the  site,  comprising  24% 
of  sampled  organisms,  and  giving  strength  to  the  hypothesis  of  warm  water  temperatures. 
Instream  habitats  appear  to  be  compromised  to  a  lesser  degree  than  at  Tresch;  six 
caddisfly  taxa  were  collected  here  as  well  as  8  "dinger"  taxa.  While  these  observations 
do  not  preclude  fine  sediment  deposition  and  compromise  of  hard  substrate  surfaces, 
there  does  appear  to  be  less  effect  fi-om  these  insults  at  Brewery  Flats.  Disturbance  to 
reach-scale  habitat  features  may  be  reflected  in  the  low  number  of  stonefly  taxa  present  in 
the  sample.  Only  2  were  collected  here.  Functionally,  the  assemblage  appears  to  be  well- 
balanced,  with  all  expected  feeding  groups  represented. 


CONCLUSIONS 

•     Evidence  for  damaging  effects  on  benthic  assemblages  by  the  oil  spill  on  Casino 
Creek  seems  to  be  largely  lacking  in  these  data.  In  similar  studies,  this  writer  has 
noted  that  oil  spills  may  not  have  much  impact  on  taxonomic  composition  of 
aquatic  invertebrates,  possibly  because  the  oil  floats,  and  its  effects  are  confined 


to  organisms  which  utilize  the  water  surface.  Notably,  no  air-breathing  organisms 

were  collected  at  any  site,  but  it  is  not  clear  whether  such  creatures  were  present 

prior  to  the  polluting  event. 

Replicate  samples  collected  at  the  Tresch  site  had  very  similar  taxonomic 

compostions,  and  bioassessment  metrics  performed  comparably  between  them. 

Warm  water  conditions  appear  to  prevail  at  all  sites  visited. 

Fine  sediment  deposition  and  inadequate  reach-scale  habitat  components  limit 

biotic  health  at  Tresch. 

At  Brewery  Flats  and  Dunnington's,  habitat  disturbances  appear  to  have  less  of  an 

effect  on  benthic  assemblages  than  at  Tresch. 


LITERATURE  CITED 

Barbour,  M.T.,  J.B.  Stribling  and  J.R.  Karr.  1995.  Multimetric  approach  for  establishing  biocriteria  and 
measuring  biological  condition.  Pages  63-79  in  W.S.  Davis  and  T.P.  Simon  (editors)  Biological  Assessment 
and  Criteria:  Tools  for  Water  Resource  Planning  and  Decision  Making.  Lewis  Publishers,  Boca  Raton. 

Barbour,  M.T.  and  J.B.  Stribling.  1991.  Use  of  habitat  assessment  in  evaluating  the  biological  integrity  of 
stream  communities.  In:  Biological  Criteria:  Research  and  Regulation.  Proceedings  of  a  Symposium,  12- 
13  December  1990,  Arlington,  Virginia.  EPA-440-5-9 1-005.  U.S.  Environmental  Protection  Agency, 
Washington,  DC. 

BoUman,  W.  1998.  Improving  Stream  Bioassessment  Methods  for  the  Montana  Valleys  and  Foothill 
Prairies  Ecoregion.  Unpublished  Master's  Thesis.  University  of  Montana.  Missoula,  Montana. 

Bukantis,  R.  1997.  Rapid  bioassessment  macroinvertebrate  protocols:  Sampling  and  sample  analysis 
SOP's.  Working  draft,  April  22,  1997.  Montana  Department  of  Environmental  Quality.  Planning 
Prevention  and  Assistance  Division.  Helena,  Montana. 

Fore,  L.S.,  J.R.  Karr  and  L.L.  Conquest.  1995.  Statistical  properties  of  an  index  of  biological  integrity  used 
to  evaluate  water  resources.  Canadian  Journal  of  Fisheries  and  Aquatic  Sciences.  51:1 077- 1 087. 

Fore,  L.S.,  J.R.  Karr  and  R.W.  Wisseman.  1996.  Assessing  invertebrate  responses  to  human  activities: 
evaluating  alternative  approaches.  Journal  of  the  North  American  Benthological  Society  1 5(2):  21 2-23 1 . 

Gauch,  H.  G.  1982.  Multivariate  Analysis  in  Community  Ecology.  Cambridge  University  Press.  Cambridge. 

Hilsenhoff,  W.L.  1987.  An  improved  biotic  index  of  organic  stream  pollution.  Great  Lakes  Entomologist. 
20:31-39. 

Hynes,  H.B.N.  1970.  The  Ecology  of  Running  Waters.  The  University  of  Toronto  Press.  Toronto. 

Karr,  J.R.,  and  E.  W.  Chu.    1999.  Restoring  Life  in  Running  Water:  better  biological  won/tor/ng. Island 
Press.  Washington,  DC. 

Kleindl,  W.J.  1995.  A  benthic  index  of  biotic  integrity  for  Puget  Sound  Lowland  Streams,  Washington, 
USA.  Unpublished  Master's  Thesis.  University  of  Washington,  Seattle,  Washington. 

Omernik.  J.M.  1997.  Level  Ill-Level  IV  ecoregions  of  Montana.  Unpublished  First  Draft.  August,  1997. 

Patterson,  A.J.  1996.  The  effect  of  recreation  on  biotic  integrity  of  small  streams  in  Grand  Teton  National 
Park.  Unpublished  Master's  Thesis.  University  of  Washington,  Seattle,  Washington. 

Plafkin,  J.L.,  M.T.  Barbour,  K.D.  Porter,  S.K.  Gross  and  R.M. Hughes.  1989.  Rapid  Bioassessment 
Protocols  for  Use  in  Streams  and  Rivers.  Benthic  Macroinvertebrates  and  Fish.  EPA  440-4-89-001.  Office 
of  Water  Regulations  and  Standards,  U.S.  Environmental  Protection  Agency,  Washington,  D.C. 

Rossano,  E.M.  1995.  Development  of  an  index  of  biological  integrity  for  Japanese  streams  (IBI-J). 
Unpublished  Master's  Thesis.  University  of  Washington,  Seattle,  Washington. 

Wisseman,  R.W.  1992.  Montana  rapid  bioassessment  protocols.  Benthic  invertebrate  studies,  1990. 
Montana  Reference  Streams  study.  Report  to  the  Montana  Department  of  Environmental  Quality.  Water 
Quality  Bureau.  Helena,  Montana. 

Woods,  A.  J.,  Omernik,  J.  M.  Nesser,  J.  A.,  Shelden,  J.,  and  Azevedo,  S.  H.  1999.  Ecoregions  of  Montana. 
(Poster).  Reston,  Virginia.  USGS. 


APPENDIX 

Taxonomic  data  and  summaries 

Big  Springs  Creek 

March  1999 


Aquatic  Invertebrate  Taxonomic  Data 


Site  Name:   Big  Spring  Creelc 
Site  ED:  Tresch  1  3/8/99 
Taxon 


Approx.  percent  of  sample  used:  1 7 

Quantity  Percent 


HBI 


FFG 


Dugesia  sp. 

Nats  sp. 

Imma.  Tubificid  with  cap.  setae 

Sphaeriidae 

Physidae 

Acari 


EukiefTeriella  Devonica  Gr. 
Eukiefferiella  Gracei  Gr. 
Eukiefferiella  Pseudomontana  Gr. 
Microtendipes  sp. 
Orthocladius  sp. 
Pagastia  sp. 
Parametriocnemus  sp 


16 

5.23 

4 

CG 

20 

6.54 

8 

CG 

11 

3.59 

9 

CG 

1 

0.33 

8 

CG 

7 

2.29 

8 

CG 

10 

3.27 

5 

PA 

Total  Misc.  Taxa 

65 

21.24 

Baetis  tricaudatus 
Ephemerella  ineimis 

18 
145 

5.88 
47.39 

6 

1 

CG 
CG 

Total  Ephemeroptera 

163 

53.27 

Brachyceiitnis  americanus 

Hydropsyche  sp. 

Lepidostoma  sp.-sand  case  larvae 

2 
4 

20 

0.65 
1.31 
6.54 

1 
4 
1 

OM 
CF 
SH 

Total  Trichoptera 

26 

8.50 

Optioservus  sp 

4 

1.31 

4 

SC 

Total  Coleoptera 

4 

1.31 

--4- 
17 
1 
8 
1 
10 
5 
1 


5.56 
0.33 
2.61 
0.33 
3.27 
1.63 
065 


■5— 

CG- 

4 

OM 

4 

OM 

8 

OM 

6 

CG 

6 

CG 

1 

CG 

5 

CG 

Total  Chironomidae 


48 


15.69 


Grand  Total 


306 


100.00 


Aquatic  Invertebrate  Summary  Data 


Site  Name:   Big  Spring  Creek 


Site  ID:  Tresch  1  3/8/99 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptcru  (EP'F)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


306 

189 

20 
5 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Mcgaloptera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chironomidae 


#TAXA       ABUNDAN  PERCENT 


6 

65 

21.24 

0 

0 

0.00 

2 

163 

53.27 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

3 

26 

8.50 

0 

0 

0.00 

1 

4 

1.31 

0 

0 

0.00 

8 

48 

15.69 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

EphemerelUi  mennis 

Nats  sp. 

Lepidostoma  sp.-sand  case  larv. 

Baetis  thcaudatus 

EukiefTeriella  Devonica  Gr. 

SUBTOTAL  5  DOMINANTS 

Dugesia  sp. 

taima.  Tubificid  vvith  cap.  setae 

Acari 

Orthocladius  sp 

EukietYenella  Pseudomontana  C 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhofFBiotic  Index 


CE   1 

PERCENT 

145 

47.39 

20 

6.54 

20 

6.54 

18 

5.88 

17 

5.56 

220 

71.90 

16 

5.23 

11 

3.59 

10 

3.27 

10 

3.27 

8 

•      2.61 

275 

89.86 

3.21 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EP  T/C  huonoimdae 


3.94 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSfnON 

GROUP  #TAXA       ABUNDAN  PERCENT 

Predator 

Parasite 

Collector-gatherer 

Collector-filterer 

Macrophv1c-herbi  vore 

Picrcer-herbivore 

Scraper 

Shredder 

Xylophage 

Ommvore 

Unknown 

RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scraper/(  Scraper  +  C.filterer) 
ShredderAl'otal  organisms 


0 

0 

0.00 

1 

10 

3.27 

12 

240 

78.43 

1 

4 

1.31 

0 

0 

0.00 

0 

0 

0.00 

1 

4 

1.31 

1 

20 

6.54 

0 

0 

0.00 

4 

28 

9.15 

0 

s 

0 

0.00 

1.110 
0  50 
0.02 

DFS^RSITY  MEASURES 
Shaimon  FI  (loge) 
Shannon  Fl  (log2) 
Evenness 
Simpson  D 


COMMUNFTY  VOLTINISM  ANALYSIS 


2.08 
3.00 
0.69 
0.25 


TYPE 

Multivoltine 
Univoltine 
Semivoltine 


Tolerant 

Intolerant 

dinger 


#TAXA 


ABUNDANCE  PERCENT 

77  25.00 

223  72.88 

7  2.12 


ABUNDANCE  PERCENT 
4  37  12.09 

0  0  0.00 

4  155  50.65 


Aquatic  Invertebrate  Taxunumic  Data 


Site  Name:   Big  Spring  Creek 
Site  ID:  Tresch  IB    3/9/99 
Taxon 


Approx.  percent  of  sample  used:  10 
Quantity  Percent 


HBI 


FFG 


Dugesia  sp 
Nematoda 
Fossaria  sp. 
Physidae 
Caecidotea  sp. 
Acari 


BraclTvceiitnis  americanus 
Helicopsy'che  borealis 
Hydropsyche  sp. 
Lepidostoma  sp  -sand  case  larvae 


Eukieffenella  Devonica  Gr. 
Orthocladius  sp 
Pagastia  sp. 
Parametriocnemus  sp 


7 

2,33 

4 

CG 

1 

0.33 

5 

PA 

1 

0.33 

6 

CG 

40 

13.33 

8 

CG 

1 

0.33 

8 

CG 

6 

2,00 

5 

PA 

Total  Misc.  Taxa 

56 

18.67 

Baetis  tricaudatus 
Ephemerella  uiermis 

5 
93 

1.67 
31.00 

6 

1 

CG 
CG 

Total  Epiiemeroptera 

98 

32.67 

1 

0.33 

1 

OM 

11 

3.67 

7 

SC 

17 

5.67 

4 

CF 

20 

6,67 

1 

SH 

Total  Trichoptcra 

49 

16.33 

Optiosen'its  sp 

2 

0.67 

4 

SC 

Total  Coleoptera 

2 

0.67 

Chelifera  sp. 
Simulium  sp. 
Antocha  sp. 

2 

1 
3 

0.67 
0.33 
1.00 

6 
6 
3 

PR 
CF 
CG 

Total  Diptera 

6 

2.00 

27 

27 

24 

4 


9.00 
9.00 
8.00 
1.33 


Total  Chlronomidae 


89 


29.67 


Grand  Total 


300 


100.00 


Aquatic  Invertebrate  Summary  Data 


Site  Name:    Big  Sprin;;  Creek 


Site  ID:  Tresch  IB    3/9/99 


TOTAI.  A13UNDANCE 
Ephemeroplera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  >njMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


300 

147 
21 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chironomidae 


#TAXA       ABUNDAN  PERCENT 


6 

56 

18.67 

0 

0 

0.00 

2 

98 

32.67 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

4 

49 

16.33 

0 

0 

0.00 

1 

2 

0.67 

3 

6 

2.00 

5 

89 

29.67 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Ephemerella  inemiis 

Physidae 

EukielTenella  Devomca  Gr. 

Orthocladius  sp. 

Pagastia  sp. 

SUBTOTAL  5  DOMINANTS 

Lepidostoma  sp.-sand  case  larv. 

Hydropsyche  sp 

Helicopsyche  horealis 

Dugesia  sp 

Dianwsa  sp. 

TOTAI.  DOMINANTS 


SAPROBIC  INDICES 
HilsenholTBiotic  Index 


CE  ; 

PERCENT 

93 

31.00 

40 

13.33 

27 

9.00 

27 

9.00 

24 

8.00 

211 

70.33 

20 

6.67 

17 

5.67 

11 

3.67 

7 

2.33 

7 

2.33 

273 

91.00 

3.57 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


1.65 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collector-liltcrer 

Macroph\1e-herbivore 

Piercer-herbivore 

Scraper 

Shredder 

Xylophage 

Omnivore 

Unknown 


RATIOS  Ol-  FFG  ABUNDANCES 
Scraper/Collector-filterer 
Scraper/(  Scraper  +  C  filterer) 
ShredderAFotal  organisms 


#TAXA       ABUNDAN  PERCENT 


1 

2 

0.67 

2 

7 

2.33 

11 

212 

70.67 

2 

18 

6.00 

0 

0 

0.00 

0 

0 

0.00 

2 

13 

4.33 

1 

20 

6.67 

0 

0 

0.00 

2 

28 

9.33 

0 

S 

0 

0.00 

0.72 
0.42 
0.02 

DIVERSITY  MEASURES 
Shannon  H  (loge) 
Shannon  II  (log2) 
Evenness 
Simpson  D 


2.32 
3.35 
0.76 
0.14 


COMMUNITY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE  PERCENT 

Muhivohme  89  29.58 

Umvoltme  208  69.42 

Semivoltine  3  1.00 


#TAXA  ABUNDANCE  PERCENT 

Tolerant  5                        59            19.67 

hitolerant  0                          0              0.00 

Clmger  7                     128           42.67 


Aquatic  Invertebrate  Taxonomic  Data 


Site  Name:  Big  Spring  Creek 
Site  ID:  Dunnington's  3/9/99 
Taxon 


Approx.  percent  of  sample  used:  50 
Quantity  Percent 


Dugesia  sp 

Lumbnculidae 

Phvsidae 


Total  Misc.  Taxa 


Baetis  tricaudatus 
Ephemerella  inemiis 
Rliithrogena  sp 


Total  Ephcmeroptera 


Caliiieuna  califomica 
Claasseriia  sabulosa 
Isogenoides  sp. 
Isoperla  sp 


Total  PIccoptera 


Brachycentnis  amencanus 

Glossosoma  sp. 

Hydropsyche  sp. 

Lepidostoma  sp.-sand  case  larvae 

Rhyacophila  Brunnea  Gr 


0.66 
1.98 
0.99 


11 


3.63 


33 

29 

2 


10.89 
9.57 
0,66 


M 


21.12 


0.33 
0.33 
1  65 
2.64 


15 


4.95 


34 
59 
31 
12 
8 


11.22 

19.47 

10.23 

3.96 

2.64 


HBI 


FFG 


CG 
CO 
CG 


CG 
CG 
SC 


2  PR 

3  PR 
2  PR 
2  PR 


1  OM 

1  SC 

4  CF 

1  SH 

1  PR 


Total  Trichoptera 


Cleptelmis  sp. 
Lara  avara 
Optiosennts  sp. 


Eukicffcnella  Brehmi  Gr. 
Eukieffcnella  Devonica  Gr. 
Orthocladius  sp. 
Pagastia  sp 
Tvetenia  sp 


144 


47.52 


0,33 
0.33 
7,92 


0.33 
1  98 
0.33 
1.32 
0,33 


4  CG 

4  SH 

4  SC 


Total  Coleoptera 

26 

8.58 

Chelifera  sp 
Antocha  sp 

1 

29 

0.33 
9.57 

6 

3 

PR 
CG 

Total  Diptcra 

30 

9.90 

4  OM 

4  OM 
6  CG 
1  CG 

5  CG 


Total  Chironomidae 


13 


4.29 


Grand  Total 


303 


100.00 


Aquatic  Invertebrate  Summary'  Data 


Site  Name:   Big  Spring  Creek 

TOTAI.  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


Site  ID:  Dunnington's    3/9/99 


303 

223 

25 
12 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

I  leimptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coleoplera 

Diptera 

Chironomidae 


#TAXA       ABUNDAN  PERCENT 


3 

11 

3.63 

0 

0 

0.00 

3 

64 

21.12 

4 

15 

4.95 

0 

0 

0.00 

0 

0 

0.00 

5 

144 

47.52 

0 

0 

0.00 

3 

26 

8.58 

2 

30 

9.90 

5 

13 

4.29 

CON'l'RIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Glossosoma  sp 

Brachyceiitms  americanus 

Baetis  tricaudatus 

Hydropsyche  sp 

Ephemerella  inemiis 

SUBTOTAL  5  DOMINANTS 

Antocha  sp. 

Optioservus  sp. 

Lepidostoma  sp.-sand  case  larv. 

Isoperia  sp 

Rhyacophila  Brunnea  Gp 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilseiAoffBiotic  Index 


CE  : 

PERCENT 

59 

19.47 

34 

11.22 

33 

10.89 

31 

10.23 

29 

9.57 

186 

61.39 

29 

9.57 

24 

7.92 

12 

3.96 

8 

2.64 

8 

2.64 

267 

88.12 

2.69 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chuononudae 


17.15 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 
GROUP  #TAXA        ABUNDAN  PERCENT 


Predator 

6 

24 

7.92 

Parasite 

0 

0 

0.00 

Collector-gatherer 

10 

109 

35.97 

Collector-filterer 

1 

31 

10.23 

Macroph>'te-herbivore 

0 

0 

0.00 

Piercer-herbivore 

0 

0 

0.00 

Scraper 

3 

85 

28.05 

Shredder 

2 

13 

4.29 

Xylophage 

0 

0 

0.00 

Omnivorc 

3 

41 

13.53 

Unknown 

0 

0 

0.00 

RATIOS  OF  FFG  ABtWDANCES 

Scraper/CoUector-filterer 

2.74 

Scraper/(  Scraper  +  CTilterer) 

0.73 

ShrcdderAl'otal  organisms 

0.01 

DFVERSITY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Simpson  D 


2.19 
3.16 
0.68 
0.09 


COMMUNITY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE  PERCENT 

Multivoltme  44  14.60 

Umvoltme  193  63.61 

Semivoltme  66  2178 


#TAXA        ABUNDANCE  PERCENT 
Tolerant  4  61  20  13 

hitolerant  0  0  0.00 

Clinger  11  219  72.28 


Aquatic  Invertebrate  Taxonomic  Data 


Site  Name:  Big  Spring  Creek 
Site  ID:  Brewery  Flats  3/8/99 
Taxon 


Approx.  percent  of  sample  used:  13 
Quantity  Percent 


Dugesia  sp 
Limnotihlus  hojfmeisteri 

Sphaenidae 
Phvsidae 


Total  Misc.  Taxa 


Baetis  tricaudatus 
Ephemerella  inermis 
Tnconthocles  miiiutus 


Brachyceiitrus  americanus 
Glossosoma  sp. 
Helicopsyche  borealis 
Hydropsyche  sp. 
Lepidostoma  sp.-sand  case  larvae 
Rhyacophila  Brunnea  Gr 


Eukieffenella  Devonica  Gr. 
Micropsectra  sp. 
Odontomesa  sp. 
Orthocladius  sp. 
Pagastia  sp. 
Parametriocnemus  sp 
Phaenopsectra  sp 
Tvetenia  sp. 


II 
10 

5 
82 


3  19 

2.90 

1.45 

23.77 


108 


31.30 


10 
56 

1 


2.90 

16.23 

0.29 


1 
14 
10 
1 
1 
1 


1.16 
0.29 
0.29 
4.06 
2.90 
0.29 
0.29 
0.29 


HBI 


FFG 


4  CG 

9  CG 

8  CG 

8  CG 


6  CG 

1  CG 

4  CG 


Total  Ephemeroptera 

67 

19.42 

Isogeiioides  sp 
Isoperla  sp 

2 
3 

0.58 
0,87 

2 
2 

PR 
PR 

Total  Plecoptera 

5 

1.45 

8 

2.32 

1 

OM 

37 

10.72 

1 

SC 

1 

0.29 

7 

SC 

4 

1.16 

4 

CF 

52 

15.07 

1 

SH 

4 

1.16 

1 

PR 

Total  Trichoptera 

106 

30.72 

Optioservus  sp. 

12 

3.48 

4 

SC 

Total  Coleoptera 

12 

3.48 

Chelifera  sp. 
Antocha  sp 

1 
13 

0.29 
3.77 

6 
3 

PR 
CG 

Total  Diptera 

14 

4.06 

4 

OM 

7 

CG 

4 

CG 

6 

CG 

1 

CG 

5 

CG 

7 

SC 

5 

CG 

Total  Chironomidae 


33 


9.57 


Grand  Total 


345 


100.00 


Aquatic  Invertebrate  Summary  Data 


Site  Name:    Big  Spring  Creek 


Site  ID:  Brewerv  Flats    3/8/99 


TO TAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Trichoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONONDC  GROUP  COMPOSITION 


345 

178 

26 
11 


GROUP 

Misc,  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

tiemiptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Colcoptcra 

Diptera 

Chironomidae 


#TAXA       ABUNDAN  PERCENT 


4 

1U8 

31  30 

0 

0 

0.00 

3 

67 

19.42 

2 

5 

1.45 

0 

0 

0.00 

0 

0 

0.00 

6 

106 

30.72 

0 

0 

0.00 

1 

12 

3.48 

2 

14 

4.06 

8 

33 

9.57 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Physidae 

Ephemerella  inermis 

Lepulustoma  sp -sand  case  larv. 

Glossosoma  sp 

Orthocladius  sp. 

SUBTOTAL  5  DOMINANTS 

Antocha  sp. 

Optiosen'us  sp. 

Dugesia  sp 

Limnoclrilus  hoffmeisteri 

Baetis  tncaudatus 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Hilsenhoff  Biotic  Index 


CE  ; 

PERCENT 

82 

23.77 

56 

16.23 

52 

15.07 

37 

10.72 

14 

4.06 

241 

69.86 

13 

3.77 

12 

3.48 

11 

3.19 

10 

2.90 

10 

2.9 

297 

86.09 

3.81 


RA'nOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironoimdae 


5.39 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 

GROUP  #TAXA       ABUNDAN  PERCENT 

Predator 

Parasite 

Collector-gatherer 

Collector-filterer 

Macrophyte-herbivore 

Piercer-herbivore 

Scraper 

Shredder 

Xylophage 

Omnivore 

Unknown 

RA'nOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scrapor/(  Scraper  +  Cfilterer) 
Shredder/Total  orgamsms 


4 

10 

2.90 

0 

0 

0.00 

14 

216 

62.61 

1 

4 

1.16 

0 

0 

0.00 

0 

0 

0.00 

4 

51 

14.78 

1 

52 

15.07 

0 

0 

0.00 

2 

12 

3.48 

0 

s 

0 

0.00 

12.75 
0.93 
0.04 

DIVERSFTY  MEASURES 
Shannon  H  (loge) 
Shaimon  H  (log2) 
Evenness 
Simpson  D 


2.10 
3.03 
0.64 
0.11 


COMMUNTTY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE  PERCENT 

Multivoltine  44  12.83 

Umvoltme  276  80.07 

Semivoltine  25  7.10 


#TAXA  ABUNDANCE  PERCENT 

Tolerant  5                      106            30.72 

Intolerant  0                          0              0.00 

Clmger  8                     135           39.13 


• 


# 


• 


s 

333.955 
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INTRODUCTION 

Benthic  assemblages  are  aptly  applied  to  aquatic  bioassessment  since  they  are  known  to  be 
key  indicators  of  stream  ecosystem  health  (Hynes  1970).  Long  lives,  complex  life  cycles  and 
limited  mobiUty  mean  that  there  is  ample  time  for  the  benthic  community  to  respond  to  cumulative 
effects  of  environmental  perturbations.  Multimetic  approaches  to  bioassessment  use  attributes  of 
the  assemblage  in  an  integrated  way  to  measure  overall  biotic  condition. 

The  additive  multimetric  approach  designed  by  Plafkin  et  al.(1989)  and  adapted  for  use  in 
the  State  of  Montana  has  been  defined  as  "...an  array  of  measures  or  metrics  that  individually 
provide  information  on  diverse  biological  attributes,  and  when  integrated,  provide  an  overall 
indication  of  biological  condition."  (Barbour  et  al.  1995)  Community  attributes  which  can 
contribute  meaningfully  to  interpretation  of  benthic  data  include  assemblage  structure,  sensitivity 
of  community  members  to  stress  or  pollution,  and  functional  traits.  Each  metric  component 
contributes  an  independent  measure  of  the  biotic  integrity  of  a  stream  site;  combining  the 
components  into  an  overall  score  reduces  variance  and  increases  precision  of  the  assessment. 
(Foreetal.  1995). 

METHODS 

Benthic  macro  invertebrate  sampling  was  performed  by  personnel  of  Water  Consulting, 
Inc.  of  Hamilton,  Montana  in  mid  August  and  early  September.  The  traveling  kick-net  method 
described  by  Bukantis  (1997)  was  utilized.  Single  samples  were  collected  from  riffled  reaches  in 
ten  streams,  five  streams  draining  east  side  watersheds  and  five  draining  west  side  watersheds. 
The  resulting  ten  samples  were  from  the  following  sites: 

East  side  sites  (north  to  south): 

•  Three  MOe  Creek:  downstream  of  culverted  road  crossing  (Rathbum  Lane) 

•  North  Burnt  Fork  Creek:  upstream  of  bridge  crossing  at  Wildfowl  Lane 

•  Skalkaho  Creek:  downstream  from  Hwy.  93  bridge 

•  Rye  Creek:  upstream  of  Hwy.  93  bridge 

•  East  Fork  Bitterroot  River:  upstream  of  Conner  cutoff  bridge 

West  side  sites  (north  to  south): 

•  Kootenai  Creek:  downstream  of  Hwy.  93  bridge 

•  Fred  Burr  Creek:  immediately  above  Meridian  Rd.  West  bridge 

•  Sweathouse  Creek:  immediately  above  Meridian  Rd.  bridge 

•  Lost  Horse  Creek:  immediately  below  Hwy.  93  bridge 

•  West  Fork  Bitterroot  River:  at  Conner  cutoff  bridge  (upstream) 

In  addition,  habitat  quality  was  visually  evaluated  at  each  site  and  reported  by  means  of 
the  habitat  assessment  protocol  recommended  by  Bukantis  ( 1 997). 

Sample  processing  and  data  analysis  was  contracted  to  Rhithron  Biological  Associates.  In 
the  laboratory,  the  Rapid  Bioassessment  Protocol  III  (RBP  III)  sorting  method  was  used  to  obtain 
subsamples  of  300  (+/-  10%)  organisms  from  each  sample.  Community  structure,  fimction  and 
sensitivity  to  impact  were  characterized  for  each  subsample  using  two  methods  prescribed  by  the 


Montana  Department  of  Environmental  Quality  (Montana  DEQ).  Fii-st,  data  is  evaluated  using  the 
Montana  Valleys  and  Foothill  Prairies  ecoregion  reference.  In  this  approach,  benthic  communities 
were  compared  to  reference  criteria  established  by  Montana  DEQ  for  streams  of  the  entire 
Montana  Valleys  and  Foothill  Prairies  ecoregion,  which  is  geographically  large  and  disjunct,  and 
varied  in  geology,  soUs  and  vegetation.  In  the  second  approach,  internal  references  for  streams  of 
the  east  side  and  those  of  the  west  side  were  assembled,  and  data  is  compared  to  the  appropriate 
internal  reference.  The  internal  reference  approach  implies  that  reference  values  for  each  metric 
were  established  based  on  the  performance  of  that  metric  in  the  communities  of  the  Bitterroot 
Valley  streams  alone.  Separate  reference  criteria  were  assembled  for  east  and  west  side  streams 
since  the  varying  geology  of  their  source  watersheds  produced  subtle  differences  in  certain 
functional  attributes  of  the  communities.  East  side  streams  head  in  sedimentary  rocks  of  the  Belt 
series,  while  west  side  streams  originate  on  the  granitic  Idaho  batholith. 

Total,  integrated  metric  scores  were  obtained  for  each  method  by  summing  scores  for  all 
metrics,  and  an  impairment  classification  and  "use  support"  designation  were  derived  fi^om  this 
total  score. 

RESULTS 

Habitat  assessment 

Figure  1  compares  habitat  assessment  results  for  all  sites  studied.  Breakdown  of  total 
scores  into  the  nine  evaluated  components  is  presented  in  Tables  1  and  2.  Scores  for  east  side 
streams  were  generally  lower  than  those  for  west  side  streams:  mean  habitat  score  for  the  five  east 
side  streams  was  55.8,  while  mean  score  for  streams  of  the  west  side  was  68.  West  side  streams 
generally  were  perceived  to  have  less  sediment  deposition,  better  bank  vegetative  cover,  and 
wider  riparian  zones  than  east  side  streams,  though  there  were  some  exceptions  to  this. 

Marginal  habitat  conditions  were  noted  at  the  sites  on  Three  Mile  Creek,  Rye  Creek,  and 
Lost  Horse  Creek.  The  site  on  Three  Mile  Creek  was  perceived  to  have  severe  sediment  (silt  and 
sand)  deposition,  with  associated  bank  instability  and  poor  bank  vegetative  cover.  Though  bank 
stability  was  somewhat  better  at  Rye  Creek,  sediment  deposition  was  a  problem  here,  too. 
Riparian  vegetation  was  non-existent  at  the  Rye  Creek  site.  Overwidening,  though  not  evaluated 
in  this  habitat  assessment,  was  also  reported.  Three  Mile  Creek  and  Rye  Creek  received  the  two 
lowest  habitat  assessment  scores  of  all  sites  studied.  Bank  instability  and  marginal  to  poor 
vegetative  cover  was  evident  at  the  Lost  Horse  Creek  site  but  sediment  deposition  or  other 
instream  impairment  was  not  perceived  to  be  severe  here.  Riparian  width  received  an  optimal 
score,  but  dewatering  resulted  in  a  marginal  channel  flow  status. 

All  other  Bitterroot  Valley  stream  sites  were  perceived  to  have  sub-optimal  habitat  quality. 
Best  habitat  quality  was  evident  at  the  site  on  the  West  Fork  of  the  Bitterroot  River,  while  sites  on 
Kootenai  Creek  and  Skalkaho  Creek  had  moderately  high  scores.  Bank  vegetation  was  perceived 
to  be  marginal  at  the  site  on  the  West  Fork,  and  sub-optimal  to  marginal  bank  stability  was  noted. 
All  other  habitat  parameters  were  rated  optimal  at  this  site.  No  remarkable  habitat  impairments 


Figure  1.  Total  habitat  assessment  scores:  Bitterroot  Valley  streams,  1997. 
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were  perceived  at  the  Kootenai  Creek  site.  Moderate  bank  instability  and  some  disruption  of  bank 
vegetative  cover  was  noted  there.  Skalkaho  Creek  had  poor  bank  vegetative  coverage  and 
marginal  riparian  width  along  one  bank,  but  even  there,  young  cottonwoods  were  noted. 

Various  habitat  impairments  were  reported  at  the  other  sites,  including  marginal  flow 
status  at  the  site  on  the  North  Fork  of  Burnt  Fork.  Marginal  bank  stability,  marginal  to  poor 
vegetative  cover  and  riparian  width  were  also  noted  here.  Sediment  deposition  was  moderate  at 
the  site  on  Sweathouse  Creek,  riparian  width  was  poor  on  one  bank  of  the  site  at  Fred  Bun- 
Creek,  and  the  East  Fork  of  the  Bitterroot  River  was  perceived  to  have  one-sided  bank  stability 
and  vegetative  cover  problems. 

Bioassessments 

Macro  invertebrate  taxa  lists,  metric  results  and  other  information  for  each  sample  are 
given  in  the  Appendix. 

The  Montana  Valleys  and  Foothill  Prairies  ecoregional  reference 


Figure  2  compares  total  bioassessment  scores  from  integrated  and  summed  metrics  using 
the  ecoregional  reference  scoring  criteria.  Table  1  summarizes  this  method  and  criteria. 
Breakdown  of  scores  for  each  metric  is  presented  in  Tables  5  and  6. 

Comparing  Bitterroot  streams  to  streams  of  the  entire  ecoregion  accentuates  the 
differences  between  east  side  streams  and  west  side  streams.  Average  bioassessment  score  for 
east  side  streams  was  76%  of  maximum.  Streams  of  the  west  side  generally  scored  much  higher; 
the  average  bioassessment  score  was  95.  All  west  side  streams  were  classified  as  non-impaired 
using  the  ecoregional  reference  criteria.  Figure  2  illustrates  that  the  ecoregional  reference  method 
scores  four  of  the  streams  identically,  with  only  the  West  Fork  of  the  Bitterroot  River  appearing 
somewhat  distinguished  from  the  rest.  Of  the  five  east  side  streams  studied,  Skalkaho  Creek  and 
the  East  Fork  of  the  Bitterroot  River  were  classified  as  non-impaired.  Tliree  Mile  Creek,  the 
North  Fork  of  Burnt  Fork  and  Rye  Creek  all  were  slightly  impaired.  Streams  of  the  east  side  are 


Figure  2.  Total  bioassessment  scores,  Montana  Valleys  and  Foothill  Prairies  ecoregion 
reference.  Streams  of  the  Bitterroot  Valley,  August-September  1997. 
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more  distinguished  from  each  other  than  those  of  the  west  side  when  this  larger  scale  comparison 
method  is  used. 

Internal  references 


Separate  internal  references  were  constructed  for  east  side  and  west  side  streams,  since  the 
variation  in  geology  and  aspect  suggested  that  this  would  be  necessary.  Tables  3  and  4  summarize 
this  method  and  its  criteria.  Tables  5  and  6  breakdown  the  scores  for  individual  metrics  for  each 
stream  site. 

When  compared  only  with  each  other  by  means  of  the  internal  reference  criteria,  the 
streams  of  the  east  side  maintain  their  relative  quality  with  respect  to  one  another.  SkaLkaho  Creek 
provided  reference  values  for  aU  metrics  used  in  the  evaluation,  and  thus  obtained  the  maximal 
score  as  a  percentage  of  the  reference  condition.  Three  Mile  Creek  and  the  North  Fork  of  Burnt 
Fork  were  classified  as  slightly  impaired  under  this  scheme,  and  Rye  Creek  and  the  East  Fork  of 
the  Bitterroot  River  scored  in  the  non-impaired  range,  though  with  lower  scores  than  Skalkaho 
Creek. 

The  internal  reference  method  was  able  to  reveal  distinctions  among  the  west  side  streams 
more  clearly  than  the  ecoregional  reference  did.  When  compared  only  to  each  other,  streams  of 
the  west  side  were  all  classified  as  slightly  impaired  except  for  Kootenai  Creek,  which  scored  in 
the  non-impaired  range.  No  single  site  provided  all  metric  reference  values,  as  was  the  case  with 
the  east  side  streams. 


Figure  3.  Total  bioassessment  scores  for  streams  of  the  east  side  of  the  Bitterroot  Valley, 
using  an  east  side  internal  reference. 
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Figure  4.  Total  bioassessment  scores  for  streams  of  the  west  side  of  the  Bitterroot  Valley, 
using  a  west  side  internal  reference. 
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Macroinvertebrate  communities 

The  highest  biotic  index  value  (4.34).  and  the  lowest  bioassessment  score  of  any  site 
studied  were  recorded  at  Three  Mile  Creek.  High  values  of  the  biotic  index  may  indicate  organic 
and/or  nutrient  pollution,  high  water  temperatures  or  sediment-degraded  habitat.  While  not 
extremely  high,  the  biotic  index  value  calculated  here  suggests  that  some  or  all  of  these  factors 
may  contribute  to  the  impairment  of  biotic  health  of  Three  Mile  Creek.  The  site  also  recorded  the 
highest  proportion  of  the  gatherer  functional  group  (74%)  including  an  abundance  of  the 
ubiquitous  and  moderately  tolerant  mayfly  Baetis  tricandatus,  the  dominant  taxon  here.  The  high 
proportion  of  gatherers  suggests  that  fine  particulate  organic  matter  is  plentiful  at  the  site,  and 
that  the  benthic  habitat  lacks  complexity,  perhaps  because  of  dominance  of  monotonous  substrate 
particles.  This  interpretation  appears  to  be  supported  by  the  habitat  evaluator's  comment  that 
recent  sand  and  silt  deposition  was  apparent  at  the  study  site.  Sediment-tolerant  taxa  that  were 
plentiful  at  the  site  included  the  midges  in  the  Cricotopus  Trifascia  Gp.  and  the  mayfly 
Tricorythodes  minutus.  A  moderately  high  metals  tolerance  was  noted  for  this  assemblage  (metals 
tolerance  index  =  4.17),  suggesting  that  a  mild  toxic  input  may  be  present  here.  However,  the 
metals  tolerance  index  used  here  is  correlated  with  biotic  index  score,  and  so  this  elevated  value 
may  only  reflect  the  impacts  tracked  by  that  index. 

The  dominant  taxon  in  the  North  Fork  Burnt  Fork  assemblage  was  the  moderately  tolerant 
midge  Micropsectra  sp.  which  made  up  48%  of  the  sample.  Lower  biotic  index  score  was  a 
favorable  sign  for  water  quality  at  this  site,  as  was  the  presence  of  the  decapod  Pacifastacus  sp. 
The  high  proportion  of  shredders  (20%)  recorded  in  the  data  may  be  erroneous,  since  a  single 
taxon,  Lepidostoma  sp.  contributes  most  of  this  total.  This  caddisfly  is  designated  as  a  shredder  in 
the  Montana  benthic  taxa  list,  but  its  actual  feeding  strategy  is  not  well  known,  and  some  experts 
consider  it  to  fimction  as  a  gatherer  (Wisseman,  personal  communication).  Abundant  shredders  in 
an  assemblage  generally  suggests  that  aUocthonous  inputs  of  woody  debris  are  available  both  as 
food  and  as  habitat  elements,  but  the  habitat  evaluator  at  the  North  Fork  Burnt  Fork  site  observed 
a  severely  impaired  riparian  zone.  The  degraded  riparian  zone  is  also  evident  in  the  benthic 
community  with  its  low  percent  of  mayfly,  stonefly  and  caddisfly  abundance  (EPT  %  was  41%, 
but  two  caddisfly  taxa,  the  tolerant  Hydropsyche  sp.  and  Lepidostoma  sp.,  comprised  28%  of  the 
sampled  community.) 

Skalkaho  Creek  rated  the  highest  habitat  score  as  well  as  the  highest  bioassessment  score 
of  the  east  side  streams.  High  taxa  richness  (34)  suggests  diverse  instream  habitat  and  good  water 
quality,  which  is  also  indicated  by  the  low  biotic  index  score  (3.03).  High  EPT  percent  (61%) 
suggests  that  riparian  health  is  adequate,  and  that  the  reach-scale  geomorphic  structure  of  this 
stream  site  is  essentially  intact.  Moderate  abundances  of  especially  sensitive  taxa  found  at  the 
Skalkaho  Creek  site  include  the  mayflies  Drunella  doddsi  and  Drunella  grandis  and  a  caddisfly  of 
the  Rhyacophila  Angelita  Gp. 

Rye  Creek  had  the  highest  metals  tolerance  index  score  (4.3 1 )  of  any  site  studied,  a 
moderate  elevation.  This  suggests  that  a  mild  toxic  input  may  add  to  the  impairment  of  biotic 
health  at  this  site.  However,  the  elevated  score  may  be  spurious,  because  of  the  correlation  of 
metals  index  and  biotic  index  scores  noted  above.  The  moderately  elevated  biotic  index  score 
(4.08)  suggests  impact  due  to  organic  and/or  nutrient  pollution,  elevated  water  temperature  or 
sediment  inputs.  Some  or  all  of  these  factors  may  contribute  to  the  impairment  of  biotic  health  at 
the  Rye  Creek  site.  Only  33%  of  the  sampled  assemblage  was  comprised  of  mayflies,  stonei 
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and  caddisflies,  suggesting  that  riparian  fiinction  and/or  reach-scale  structure  are  impaired. 
Twenty- five  percent  of  the  sampled  assemblage,  the  highest  proportion  among  the  east  side  sites, 
was  comprised  of  especially  tolerant  taxa,  including  a  tubificid  worm,  and  the  sediment-tolerant 
elmid  beetle  Optioservus  sp.  These  interpretations  are  substantiated  by  the  observations  of  the 
habitat  evaluator,  who  noted  absence  of  riparian  vegetation,  and  "huge  bank  erosion  problems" 
near  the  sampled  reach. 

Excellent  taxa  richness  and  EPT  richness  characterized  the  bioassessment  score  of  the  site 
on  the  East  Fork  of  the  Bitterroot  River.  These  findings  suggest  good  diversity  of  instream  habitat 
and  excellent  water  quality.  Seven  stonefly  taxa  were  collected  here,  including  the  sensitive  perlid 
Doroneuria  sp.  and  the  sediment-intolerant  chloroperlid  Plumiperla  sp.  High  plecoptera  taxa 
richness  is  associated  with  diverse  benthic  habitat,  good  reach-scale  stream  structure,  fianctioning 
riparian  zone  and  streambank  stability.  While  the  habitat  evaluator  noted  erosion  of  streambanks 
and  point  bar  formation  due  to  sediment  deposition,  the  benthic  community  does  not  yet  indicate 
impairment  due  to  these  impacts.  However,  the  habitat  assessment  certainly  indicates  the 
vulnerablility  of  the  biotic  health  here. 

As  mentioned  earlier,  the  stream  sites  on  the  west  side  of  the  Bitterroot  Valley  tended  to 
score  higher  on  habitat  assessment  parameters  (Figure  1 )  as  well  as  on  bioassessment  variables 
(Figure  2.)  The  Kootenai  Creek  site  is  a  good  example  of  this  pattern.  The  biotic  index  calculated 
for  the  sampled  benthic  assemblage  was  1.51,  the  lowest  index  score  of  any  site  studied.  This  low 
score  suggests  that  water  quality  in  Kootenai  Creek  is  excellent,  with  no  appreciable  effect  of 
organic  or  nutrient  pollution,  elevated  water  temperature  or  sedimentation  on  biotic  health. 
Dominant  taxon  here  (36%  of  the  sampled  community)  was  the  sensitive  mayfly  Rhithrogena  sp.; 
nine  percent  of  the  assemblage  was  comprised  of  the  suberbly  intolerant  Drunella  doddsi. 

The  bioassessment  score  for  the  site  on  Fred  Burr  Creek,  however,  indicated  that  there 
was  some  mild  impairment  of  biotic  health.  Thirty-one  percent  of  the  sampled  assemblage  was 
comprised  of  tolerant  taxa,  including  the  sediment -tolerant  eknid  beetle  Optioservus  sp.  However, 
no  instream  sediment  deposition  was  noted  in  the  habitat  assessment,  although  evidence  of 
streambank  instability  and  erosion  within  the  reach  was  observed.  Elmid  beetles  are  gregarious  in 
habit,  and  samples  collected  with  kick-nets  can  often  be  overwhelmed  by  gregarious  taxa.  Perhaps 
the  abundance  of  Optioservus  sp.  is  a  spurious  finding.  Seven  caddisfly  taxa,  including  the 
pollution-sensitive  philopotamid  Wormaldia  sp.  were  collected  here,  suggesting  diverse  instream 
habitat.  Excellent  EPT  richness  also  indicates  good  small-scale  habitat  quality,  and  suggests  good 
reach-scale  stream  structure  as  well. 

Moderate  sediment  deposition  was  noted  in  the  habitat  assessment  of  the  site  on 
Sweathouse  Creek,  and  the  impact  is  evident  by  the  dominance  of  two  sediment-tolerant  elmids, 
Optioservus  sp.  and  Zaitzevia  sp.  Together,  these  two  taxa  comprise  forty-seven  percent  of  the 
assemblage  sampled  at  this  site.  Mayflies,  stoneflies  and  caddisflies  together  made  up  only  37%  of 
the  creatures  collected  here,  suggesting  that  instream  habitat  and/or  reach-scale  structure  were 
compromised.  Water  quality  appears  to  be  unaffected  by  nutrient  or  organic  pollutants,  since  the 
biotic  index  score  was  low  (3.50)  and  ephemeroptera  taxa  richness  was  high.  In  fact,  Sweathouse 
Creek  had  more  mayfly  taxa  (10)  than  any  of  the  streams  studied,  and  these  taxa  included  the 
pollution-sensitive  heptageniids  Drunella  doddsi  and  Rhithrogena  sp. 

The  dominant  taxon  of  the  benthic  assemblage  at  the  site  on  Lost  Horse  Creek  was  the 
sensitive  mayfly  Rhithrogena  sp.,  which  made  up  nineteen  percent  of  the  animals  in  the  sample. 
Lost  Horse  Creek  also  recorded  the  highest  taxa  richness  (39)  of  all  sites  studied.  This  finding,  as 


well  as  the  high  EPT  taxa  richness  (20)  suggests  that  biotic  health  here  is  not  substantially 
impaired  by  reach-scale  impacts  such  as  channelization  with  loss  of  natural  meanders  and 
pool/riffle  relationships  or  excessive  overwidening.  The  perception  of  excellent  riparian  zone 
width  is  reflected  in  this  metric  score  as  well.  The  low  biotic  index  score  (3.24)  indicates  that 
water  quality  is  unimpaired.  In  spite  of  observed  streambank  instability,  sediment  deposition  was 
reported  to  be  minimal,  and  sediment-tolerant  taxa  occur  in  insignificant  numbers. 

Excellent  water  quality  at  the  West  Fork  of  the  Bitterroot  River  site  was  indicated  by  the 
low  biotic  index  score  (2.92).  However,  some  habitat  impairment  is  evident  in  the  moderately  low 
taxa  richness  (25)  and  EPT  richness  (16),  and  in  the  low  density  of  organisms  at  the  sampled  site. 
Only  201  organisms  were  collected  in  the  entire  sample,  even  though  substrate  was  kicked  for  six 
minutes.  The  habitat  assessment  does  not  reveal  what  the  source  of  impact  might  be,  since 
marginal  streambank  instability  and  vegetative  cover  were  the  only  impairments  to  habitat  quality 
noted.  Neither  sediment  deposition  nor  embeddedness  was  associated  with  the  streambank 
findings  at  the  site.  Relatively  high  numbers  of  Pteronarcys  sp.  (12%  of  the  sampled  assemblage), 
a  shredder,  suggest  that  allochthonous  riparian  inputs  of  woody  debris  are  substantial  at  this  site, 
and  the  positive  implications  of  an  abundance  of  this  stonefly  for  the  fishery  are  well-known. 

Figure  5  illustrates  the  relationship  between  habitat  assessment  scores  and  bioassessment 
scores  (internal  reference  criteria)  for  these  Bitterroot  Valley  streams.  Most  sites  show  the  typical 
relationship  of  scores  when  water  quality  is  essentially  unimpaired:  biotic  assessment  scores  show 
positive  correlation  with  habitat  scores.  The  position  of  the  Rye  Creek  scores  illustrates  the 
condition  expected  when  organic  and/or  nutrient  pollution  compromises  water  quality;  a  higher 
than  expected  bioassessment  score  accompanies  a  low  habitat  assessment  score. 

Figure  5.  Bioassessment  score  based  on  internal  reference  criteria  plotted  against  habitat 
score.  Streams  of  the  Bitterroot  Valley,  August-September  1997. 
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CONCLUSIONS 


Subtle  differences  in  ecological  function  between  east  and  west  side  assemblages 
substantiated  the  necessity  to  formulate  separate  internal  references  for  the  two  groups  of 
sites.  Geological  differences  in  the  mountains  of  either  side  of  the  valley  were  thought  to 
be  the  source  of  flmctional  differences  in  the  benthic  assemblages.  Specifically,  these 
differences  were  a  greater  average  proportion  of  collector-gatherers  in  the  east  side 
communities  (  a  mean  value  of  62  %  for  east  side  sites  vs.  50%  for  west  side  sites),  and  a 
greater  average  proportion  of  scrapers  in  the  west  side  communities  (38%  vs.  16%). 
These  findings  suggest  that  conditions  favoring  the  growth  of  diatoms  and  other  algal 
films  is  greater  for  west  side  streams  than  for  east  side  streams,  and  that  food  webs  in  east 
side  streams  are  based  more  on  sediment  spiced  with  organic  material.  The  findings  also 
suggest  an  excellent  area  for  flirther  research. 

Streams  of  the  west  side  of  the  Bitterroot  Valley  averaged  higher  habitat  assessment  and 
bioassessment  scores  than  the  streams  of  the  east  side. 

Where  biotic  health  of  east  side  streams  indicated  impairment,  impacts  appeared  to  be  in 
the  form  of  sediment  deposition  combined  with  organic  and/or  nutrient  pollution.  This  was 
the  case  for  Three  Mile  Creek  and  Rye  Creek. 

Where  biotic  health  of  west  side  streams  indicated  impairment,  sediment  deposition  was 
suggested  by  the  biotic  community  composition.  This  was  the  case  for  Sweathouse  Creek. 
Evidence  for  sediment  deposition  at  the  site  on  Fred  Burr  Creek  was  not  definitive. 
On  the  east  side,  the  North  Fork  of  Burnt  Fork  Creek,  Skalkaho  Creek  and  the  East  Fork 
of  the  Bitterroot  River  all  yielded  benthic  assemblages  which  suggested  that  water  and 
habitat  quality  remain  unimpaired.  Habitat  assessments,  however,  suggested  the 
vukierability  of  these  sites. 

On  the  west  side,  Kootenai  Creek  and  Lost  Horse  Creek  exhibited  no  water  or  habitat 
quality  impairment  to  the  health  of  the  macro  invertebrate  biota.  The  low  density  of 
animals  in  the  benthos  of  the  West  Fork  of  the  Bitterroot  River  as  well  as  other  biotic 
evidence  suggests  impairment  to  biotic  health  in  that  stream,  though  the  source  of  the 
impairment  is  unclear. 


TABLES 


Table  1.  Montana  Valleys  and  Foothill  Prairies 

ecoregion  reference  and  scoring  criteria. 

(From  Bukantis 

1998.) 

Score 

Metric 

3 

2                                     1 

0 

Taxa  richness 

>28 

28-21                             21-14 

<14 

EPT  richness 

>14 

14-13                             12-11 

<11 

Biotic  Index 

<4 

4-5                                 5-6 

>6 

%  Dominant  taxon 

<30 

30-40                            40-50 

>50 

%  Collectors  (gath  + 

<60 

60-75                             75-90 

>90 

filter) 

%  Scrapers  + 
shredders 

>30 

30-20                             20-10 

<10 

%  EPT 

>60 

60-45                             45-30 

<30 

%  Hydropsychinae 
oftrichoptera 

<75 

75-85                             85-95 

>95 

Table  2a.  Criteria  for  the  assignment  of  support  classifications  /  standards  violation  thresholds  (from 
Bukantis,  1997) 

%  Comparability  to  reference 

Use  support 

>75 

25-75 

<25 

Full  support-standards  not  violated 

Partial  support—moderate  impairment— standards 

violated 

Non-support-severe  impairment-standards  violated 

Table  2b.  Criteria  for  the  assignment  of  impairment  classifications  (from  Plafkin  et  al.  1989). 

%  Comparability  to  reference 

Classification 

>83 

54-79 
21-50 
<17 

nonimpaired 
slightly  impaired 
moderately  impaired 
severely  impaired 

Table  3. 

Internal  reference  values  and  criteria  for  assigning  scores 
comparability  to  reference  values  (adapted  from  McGuire 

to  metrics  based  on  percent 
1995): 

metric 

East  Side  streams 

of  the 
Bitterroot  Valley 

1997 

Scoring  Criteria 

* 

3 

2 

1 

0 

Taxa  richness 

34 

>  80% 

80-60% 

60-40% 

<  40% 

a 

EPT  richness 

20 

>  85% 

85-70% 

70-50% 

<  50% 

a 

Biotic  index 

3.03 

>  90% 

90-80% 

80-70% 

<  70% 

b 

%  dominant 
taxon 

13 

>  60% 

60-45% 

45-30% 

<  30% 

b 

%Collector(g+ff) 

66 

>  90% 

90-80% 

80-70% 

<  70% 

b 

%  Scraper 
+Shredder 

26 

>  80% 

80-60% 

60-40% 

<  40% 

a 

%  EPT 

61 

>  75% 

75-50% 

50-25% 

<  25% 

a 

%  Hydropsych. 
ofTrichop. 

24 

<  50% 

50-70% 

70-90% 

>  90% 

c 

'  1996  Internal  reference  values  are  the 

'best- 

appropriate  values 

among  those  calculated  from  1997  data. 

*  a  =  score  is  ratio  of  study  site  to  reference  x 

100. 

*  b  =  score  is  ratio  of  reference  to  study 

site  X  100 

*  c  =  score  is  based  on  the  actual  value. 

not  a 

percentage  of  reference. 

Table  4. 

Internal  reference  values  and 
comparability  to  reference  val 

criteria  for  assigning  scores 
ues  (adapted  from  McGuire 

to  metrics  based  on  percent 
1995): 

metric 

West  Side  streams 

of  the 
Bitterroot  Valley 

- 

Scoring  Criteria 

* 

3 

2 

1 

0 

1997 

Taxa  richness 

39 

>  80% 

80-60% 

60-40% 

<  40% 

a 

EPT  richness 

22 

>  85% 

85-70% 

70-50% 

<  50% 

a 

Biotic  index 

2.92 

>  90% 

90-80% 

80-70% 

<  70% 

b 

%  dominant 

19 

>  60% 

60-45% 

45-30% 

<  30% 

b 

taxon 

%Collector(g+ff) 

33 

>  90% 

90-80% 

80-70% 

<  70% 

b 

%  Scraper 
+Shredder 

52 

>  80% 

80-60% 

60-40% 

<  40% 

a 

%  EPT 

79 

>  75% 

75-50% 

50-25% 

<  25% 

a 

%  Hydropsych. 
ofTrichop. 

0 

<  50% 

50-70% 

70-90% 

>  90% 

c 

'  1996  Internal  reference  values  are  the  "best' 

appropriate  values 

among  those  calculated  from  1997  data. 

*  a  =  score  is  ratio  of  study  site  to  reference  x 

100. 

*  b  =  score  is  ratio  of  reference  to  study  site  x 

100 

*  c  =  score  is  based  on  the  actual  value,  not  a 

percentage  of  reference. 
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APPENDIX 

Macroinvertebrate  taxonomic  data  and  metrics 

Streams  of  the  Bitterroot  Valley 

August-September,  1997 


» 


Macroinvertebrate  Taxonomic  Data 

East  Fork  Bittenroot  River  EF-01 


Taxon  #  %  BI  FFG 


Acentrella 

Baetis  tricaudatus 

Attenella 

Drunella  doddsi 

Serratella  tibialis 

Timpanoga  hecuba 

Rhitlirogena 

Ameletus 

TOTAL:  EPHEMEROPTERA 

Plumiperla 

Calineuria  californica 

Ciaassenia  sabulosa 

Doroneuria 

Isoperia 

Perlinodes 

Pteronarcys 

TOTAL:  PLECOPTERA 

Arctopsyche  grandis 

Hydropsyche 

Apatania 

Rhyacophila 

Neophylax 

TOTAL:  TRJCHOPTERA 

Heteriimnius 

Lara  avara 

Optioservus 

Zaitzevia 

TOTAL:  COLEOPTERA 

Atherix 

Simulium 

Hexatoma 

TOTAL:  DIPTERA 

Cardiocladius 

Cricotopus  Trifascia  Gr. 

Eulciefferiella  Gracei  Gr. 

Micropsectra 

Param  etriocnem  us 

Polypedilum 

Tvetenia  Bavarica  Gr, 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


12 

3.60 

4 

CO 

19 

5.71 

4 

CG 

2 

0.60 

2 

SC 

10 

3.00 

1 

SC 

15 

4.50 

2 

CG 

2 

0.60 

2 

CG 

4 

1.20 

0 

SC 

1 

0.30 

0 

CG 

65 

19.52 

2 

0.60 

1 

PR 

14 

4.20 

2 

PR 

3 

0.90 

3 

PR 

1 

0.30 

0 

PR 

1 

0.30 

3 

PR 

5 

1.50 

1 

PR 

10 

3.00 

2 

SH 

36 

10.81 

21 

6.31 

2 

CF 

25 

7.51 

5 

CF 

12 

3.60 

3 

SC 

1 

0.30 

1 

PR 

6 

1.80 

3 

SC 

65 

19.52 

4 

1.20 

3 

CG 

1 

0.30 

1 

SH 

20 

6.01 

5 

SC 

3 

0.90 

4 

CG 

28 

8.41 

6 

1.80 

5 

PR 

5 

1.50 

5 

CF 

2 

0.60 

2 

PR 

13 

3.90 

8 

2.40 

5 

PR 

1 

0.30 

6 

CG 

7 

2.10 

4 

CG 

102 

30.63 

4 

CG 

1 

0.30 

5 

CG 

4 

1.20 

6 

CG 

3 

0.90 

5 

CG 

126 

37.84 

333 

100.00 

Aquatic  Macroinvertebrate  Data: 

Fred  Burr  Creek  FB-Ol 


%  of  sample  used:  40 

Subsample  size  330 

Taxa  richness  32 

EPT  richness  20 

Biotic  index  3.35 

%  Dominant  taxon  23 

%  EPT  51 

%  CoUectors  (g+f)  57 

%  Scrapers  +  Shredders  37 

%  Hydropsychinae  of  Trich  0 

Metals  tolerance  index  2.99 

Shannon  Diversity  (log2)  3.93 

EPT/Chironomidae  3.78 

CTQa  53.69 

%Baetidae  of  Ephemeroptera  34 

%  Coleoptera  32 

%  Diptera  2 

%  Chironomidae  14 

%  Ephemeroptera  36 

%  Plecoptera  5 

%  Trichoptera  1 1 

%  multivoltine  19 

%  univoltine  40 

%  semivoltine  40 

Functional  Feeding  Grp.  %RA             #  taxa 

FUterers  6                     2 

Collector-Gatherers  51                   12 

Shredders  4                     4 

Scrapers  33                     7 

Predators  7                     7 


Est.  total  number  of  organisms  825 

Est.  number  collected  per  foot  16.5 

Est.  number  collected  per  minute  412 


Aquatic  Macroinvertebrate  Data: 

East  Fork  Bitterrroot  River  EF-01 


%  of  sample  used:  47 

Subsample  size  330 

Taxa  richness  34 

EPT  richness  20 

Biotic  index  3.51 

%  Dominant  taxon  31 

%  EPT  50 

%  CoUectors  (g+f)  68 

%  Scrapers  +  Shredders  20 

%  Hydropsy chinae  of  Trich  38 

Metals  tolerance  index  2.79 

Shannon  Diversity  (log2)  3.98 

EFT/Chironomidae  1.32 

CTQa                                                    .  59.74 

%Baetidae  of  Ephemeroptera  48 

%  Coleoptera  8 

%  Diptera  4 

%  Chironomidae  38 

%  Ephemeroptera  20 

%Plecoptera  11 

%  Trichoptera  20 

%  multivoltine  37 

%  univoltine  39 

%  semivoltine  23 

Functional  Feeding  Grp.                                                                   %RA  #  taxa 

Filterers 

Collector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


15 

3 

52 

13 

3 

2 

16 

6 

13 

707 

8 

157 

10 

Macroin vertebrate  Taxonomic  Data 

Fred  Burr  Creek  FB-01 


Taxon 


% 


BI 


FFG 


Oligochaeta 

TOTAL:  MISC.  TAXA 

Acentrella 

Baetis  tricaudatus 

Drunella  doddsi 

Drunella  grandis 

Drunella  spinifera 

Serratella  tibialis 

Epeorus  albertae 

Rhithrogena 

TOTAL:  EPHEMEROPTERA 

Plumipera 

Zapada  cinctipes 

Zapada  Oregonensis  Gr. 

Calineuria  califomica 

Skwala 

TOTAL:  PLECOPTERA 

Arctopsyche  grandis 

Micrasema 

Glossosoma 

Apatania 

Wormaldia 

Rhyacophila  Brunnea  Gr. 

Neophylax 

TOTAL:  TRICHOPTERA 

Heterlimnius 

Lara  avara 

Optioservus 

Zaitzevia 

TOTAL;  COLEOPTERA 

Hexatoma 

TOTAL:  DIPTERA 

Micropsectra 

Orthocladius 

Pagastia 

Rheocricotopus 

Thienemannimyia 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


6 

1.81 

6 

1.81 

1 

0.30 

40 

12.08 

11 

3.32 

29 

8.76 

1 

0.30 

23 

6.95 

1 

0.30 

14 

4.23 

120 

36.25 

1 

0.30 

1 

0.30 

3 

0.91 

7 

2.11 

3 

0.91 

15 

4.53 

17 

5.14 

7 

2.11 

4 

1.21 

2 

0.60 

2 

0.60 

2 

0.60 

1 

0.30 

35 

10.57 

7 

2.11 

1 

0.30 

76 

22.96 

21 

6.34 

105 

31.72 

5 

1.51 

5 

1.51 

30 

9.06 

4 

1.21 

3 

0.91 

1 

0.30 

3 

0.91 

4 

1.21 

45 

13.60 

331 

100.00 

4 
4 
1 
2 
0 
2 
2 
0 

1 
3 
2 
2 
3 

2 
1 
0 
3 
0 
2 
3 

3 
1 
5 
4 


4 
6 
1 
4 
5 
5 


CG 

CG 
CG 
SC 
CG 
PR 
CG 
SC 
SC 

PR 
SH 
SH 
PR 
PR 

CF 
SH 
SC 
SC 
CF 
PR 
SC 

CG 
SH 
SC 
CG 

PR 

CG 
CG 
CG 
CG 
PR 
CG 


Macroinvertebrate  Taxonomic  Data 

Kootenai  Creek  KC-01 


Taxon 


BI 


FFG 


Baetis  tricaudatus 

Drunella  doddsi 

Drunella  grandis 

Serratella  tibialis 

Epeorus  aibertae 

Epeorus  longimanus 

Rhithrogena 

Ameietus 

TOTAL:  EPHEMEROPTERA 

Zapada  cinctipes 

Caiineuria  californica 

Doroneuria 

Hesperoperla  pacifica 

Megarcys 

TOTAL:  PLECOPTERA 

Arctopsyche  grandis 

Micrasema 

Giossosoma 

Agraylea 

Rhyacophila  Betteni  Or. 

Rhyacophila  Brunnea  Or. 

TOTAL:  TRICHOPTERA 

Heterlimnius 

Optioservus 

Zaitzevia 

TOTAL:  COLEOPTERA 

Atherix 

Simuiium 

Hexatoma 

TOTAL:  DIPTERA 

Orthociadius 

Pagastia 

Rheocricotopus 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


2 

0.78 

4 

CG 

23 

8.91 

1 

SC 

3 

1.16 

2 

CG 

10 

3.88 

2 

CG 

4 

1.55 

2 

SC 

5 

1.94 

1 

SC 

94 

36.43 

0 

SC 

2 

0.78 

0 

CG 

143 

55.43 

2 

0.78 

3 

SH 

4 

1.55 

2 

PR 

7 

2.71 

0 

PR 

13 

5.04 

1 

PR 

2 

0.78 

1 

PR 

28 

10.85 

21 

8.14 

2 

CF 

3 

1.16 

1 

SH 

1 

0.39 

0 

SC 

1 

0.39 

8 

PH 

1 

0.39 

0 

PR 

5 

1.94 

2 

PR 

32 

12.40 

3 

1.16 

3 

CG 

2 

0.78 

5 

SC 

19 

7.36 

4 

CG 

24 

9.30 

3 

1.16 

5 

PR 

5 

1.94 

5 

CF 

4 

1.55 

2 

PR 

12 

4.65 

6 

2.33 

6 

CG 

1 

0.39 

1 

CG 

3 

1.16 

4 

CG 

9 

3.49 

5 

CG 

19 

7.36 

258 

100.00 

Aquatic  Macroinvertebrate  Data: 

Kootenai  Creek  KC-01 


%  of  sample  used:  100 

Subsample  size  258 

Taxa  richness  29 

EPT  richness  1 9 

Biotic  index  1.55 

%  Dominant  taxon  36 

%  EPT  79 

%  CoUectors  (g+f)  33 

%  Scrapers  +  Shredders  52 

%  Hydropsychinae  of  Trich  0 

Metals  tolerance  index  2.25 

Shannon  Diversity  (log2)  3.63 

EPT/Chironomidae  1 1 

CTQa  50.24 

%Baetidae  of  Ephemeroptera  1 

%  Coleoptera  9 

%  Diptera  5 

%  Chironomidae  7 

%  Ephemeroptera  55 

%  Plecoptera  1 1 

%Trichoptera  12 

%  multivoltine  6 

%  univoltine  66 

%  semivoltine  28 

Functional  Feeding  Grp.                                                                    %RA  #  taxa 

Filterers 

Collector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


10 

2 

22 

10 

2 

2 

50 

6 

15 

258 
12.9 
258 
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Macroin vertebrate  Taxonomic  Data 

Lost  Horse  Creek  LH-01 


Taxon 


Oligochaeta 

Acari 

TOTAL:  MISC.  TAXA 

Acentrella 

Baetis  tricaudatus 

Caudatella 

Drunella  doddsi 

Drunella  spinifera 

Serratella  tibialis 

Cinygmula 

Rhithrogena 

TOTAL:  EPHEMEROPTERA 

Suwailia 

Zapada  cinctipes 

Calineuria  californica 

Claassenia  sabulosa 

Hesperoperla  pacifica 

Skwala 

TOTAL:  PLECOPTERA 

Arctopsyche  grandis 

Brachycentrus  americanus 

Micrasema 

Hydropsyche 

A gray  lea 

Hydroptila 

TOTAL:  TRICHOPTERA 

Heterlimnius 

Narpus 

Optioservus 

Ordobrevia  nubifera 

Zaitzevia 

TOTAL:  COLEOPTERA 

Atherix 

Hexatoma 

TOTAL:  DIPTERA 

Eukiefferiella  Devonica  Gr. 

Eukiefferiella  Pseudomontana  Gr. 

Micropsectra 

Orthocladius 

Pagastia 

Poiypedilum 

Psectrociadius 

Rheocricotopus 

Thienemanniella 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


% 


HI 


FFG 


1 

0.31 

10 

CG 

1 

0.31 

5 

PA 

2 

0.62 

5 

1.56 

4 

CG 

22 

6.85 

4 

CG 

1 

0.31 

0 

SC 

27 

8.41 

1 

SC 

1 

0.31 

0 

PR 

2 

0.62 

2 

CG 

2 

0.62 

0 

SC 

61 

19.00 

0 

SC 

121 

37.69 

2 

0.62 

0 

PR 

9 

2.80 

3 

SH 

6 

1.87 

2 

PR 

1 

0.31 

3 

PR 

1 

0.31 

1 

PR 

2 

0.62 

3 

PR 

21 

6.54 

13 

4.05 

2 

CF 

2 

0.62 

1 

SC 

7 

2.18 

1 

SH 

2 

0.62 

5 

CF 

14 

4.36 

8 

PH 

1 

0.31 

6 

CG 

39 

12.15 

11 

3.43 

3 

CG 

1 

0.31 

2 

SH 

5 

L56 

5 

SC 

2 

0.62 

5 

CG 

1 

0.31 

4 

CG 

20 

6.23 

3 

0.93 

5 

PR 

3 

0.93 

2 

PR 

6 

1.87 

7 

2.18 

8 

CG 

2 

0.62 

8 

CG 

25 

7.79 

4 

CG 

17 

5.30 

6 

CG 

1 

0.31 

1 

CG 

4 

1.25 

6 

CG 

1 

0.31 

8 

CG 

7 

2.18 

4 

CG 

4 

1.25 

6 

CG 

44 

13.71 

5 

CG 

112 

34.89 

321 

100.00 

Aquatic  Macroinvertebrate  Data: 

Lost  Horse  Creek  LH-01 


%  of  sample  used:  33 

Subsample  size  321 

Taxa  richness  39 

EPT  richness  20 

Biotic  index  3.24 

%  Dominant  taxon  1 9 

%  EPT  56 

%  CoUectors  (g+f)  54 

%  Scrapers  +  Shredders  36 

%  Hydropsychinae  of  Trich  5 

Metals  tolerance  index  2.92 

Shannon  Diversity  (log2)  4.2 1 

EFT/Chironomidae  1.62 

CTQa  68.15 

%Baetidae  of  Ephemeroptera  22 

%  Coleoptera  6 

%  Diptera  2 

%  Chironomidae  35 

%  Ephemeroptera  38 

%  Plecoptera  7 

%  Trichoptera  12 

%  multivoltine  36 

%  imivoltine  50 

%  semivoltine  14 

Functional  Feeding  Grp.                                                                   %RA  #  taxa 

Filterers 

Collector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


5 

2 

49 

18 

5 

3 

31 

6 

6 

963 
21.9 

227 

8 

MacroinvertebrateTaxonomic  Data 

North  Burnt  Fork  NBF  02 


Taxon 


Bl 


FFG 


Physella 

Pacifasticus 

TOTAL:  MISC.  TAXA 

Baetis  tricaudatus 

Diphetor  hageni 

Leucocruta 

Paraleptophlebia  bicornuta 

Tricorythodes  minutus 

TOTAL:  EPHEMEROPTERA 

Calineuria  californica 

Hesperoperia  pacifica 

Skwala 

TOTAL:  PLECOPTERA 

Glossosoma 

Hydropsyche 

Lepidostoma 

Nectopsyche 

TOTAL:  TRICHOPTERA 

Heterlimnius 

Optioservus 

TOTAL:  COLEOPTERA 

Chelifera 

TOTAL:  DIPTERA 

Cricotopus  Trifascia  Gr. 

Eukiefferiella  Gracei  Gr. 

Micropsectra 

Orthocladius 

Pagastia 

Parametriocnemus 

Polypedilum 

Thienemannimyia 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


1 

0.31 

8 

SC 

1 

0.31 

6 

SH 

2 

0.63 

1 

0.31 

4 

CG 

1 

0.31 

5 

CG 

3 

0.94 

4 

SC 

1 

0.31 

2 

CG 

20 

6.25 

4 

CG 

26 

8.13 

1 

0.31 

2 

PR 

2 

0.63 

1 

PR 

10 

3.13 

3 

PR 

13 

4.06 

1 

0.31 

0 

SC 

29 

9.06 

5 

CF 

61 

19.06 

1 

SH 

1 

0.31 

2 

SH 

92 

28.75 

3 

0.94 

3 

CG 

9 

2.81 

5 

SC 

12 

3.75 

1 

0.31 

5 

PR 

1 

0.31 

1 

0.31 

6 

CG 

1 

0.31 

4 

CG 

152 

47.50 

4 

CG 

4 

1.25 

6 

CG 

1 

0.31 

1 

CG 

2 

0.63 

5 

CG 

7 

2.19 

6 

CG 

1 

0.31 

5 

PR 

5 

1.56 

5 

CG 

174 

54.38 

320 

100.00 

Aquatic  Macroinvertebrate  Data: 

North  Burnt  Fork  NBF  02 


%  of  sample  used: 

Subsample  size 

Taxa  richness 

EPT  richness 

Biotic  index 

%  Dominant  taxon 

%  EPT 

%  CoUectors  (g+f) 

%  Scrapers  +  Shredders 

%  Hydropsychinae  of  Trich 

Metals  tolerance  index 

Shannon  Diversity  (log2) 

EFT/Chironomidae 

CTQa 

%Baetidae  of  Ephemeroptera 

%  Coleoptera 
%  Diptera 
%  Chironomidae 
%  Ephemeroptera 
%  Plecoptera 
%  Trichoptera 

%  multivoltine 
%  univoltine 
%  semivoltine 


17 
320 

26 

12 
3.57 

48 

41 

71 

24 

32 
2.06 
2.68 

.75 
79.96 


4 
<1 

54 
8 
4 

29 

44 
51 
5 


• 


Functional  Feeding  Grp. 


%RA 


#  taxa 


Filterers 

Collector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


9 

1 

62 

13 

20 

3 

4 

4 

5 

5440 

201 

3627 

5 

Macroinvertebrate  Taxonomic  Data 

Rye  Creek  RC-01 


Taxon 


BI 


FFG 


Oligochaeta 

Acari 

TOTAL:  MISC.  TAXA 

Baetis  tricaudatus 

Diphetor  hageni 

Drunella  doddsi 

Drunella  grandis 

Serratella  tibialis 

Timpanoga  hecuba 

Leucocruta 

Tricorythodes  minutus 

TOTAL:  EPHEMEROPTERA 

Zapada  Oregonensis  Gr. 

Skwala 

Pteronarcella 

TOTAL:  PLECOPTERA 

Arctopsyche  grandis 

Brachycentrus  americanus 

Hydropsyche 

Apatania 

TOTAL:  TRICHOPTERA 

Heterlimnius 

Optioservus 

Zaitzevia 

TOTAL: COLEOPTERA 

Limnophora 

Simuiium 

Dicranota 

Hexatoma 

TOTAL:  DIPTERA 

Eukiefferieiia  Gracei  Gr. 

Micropsectra 

Orthociadius 

Pagastia 

Parametriocnemus 

Poiypedilum 

Thienemannimyia 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


1 

0.33 

1 

0.33 

2 

0.65 

13 

4.25 

2 

0.65 

1 

0.33 

10 

3.27 

7 

2.29 

1 

0.33 

4 

1.31 

26 

8.50 

64 

20.92 

1 

0.33 

5 

1.63 

2 

0.65 

8 

2.61 

1 

0.33 

8 

2.61 

13 

4.25 

8 

2.61 

30 

9.80 

11 

3.59 

48 

15.69 

1 

0.33 

60 

19.61 

1 

0.33 

8 

2.61 

1 

0.33 

3 

0.98 

13 

4.25 

48 

15.69 

42 

13.73 

9 

2.94 

2 

0.65 

21 

6.86 

2 

0.65 

2 

0.65 

3 

0.98 

129 

42.16 

306 

100.00 

10 

CG 

5 

PA 

4 

CG 

5 

CG 

1 

SC 

2 

CG 

2 

CG 

2 

CG 

4 

SC 

4 

CG 

2 

SH 

3 

PR 

4 

SH 

2 

CF 

1 

SC 

5 

CF 

3 

SC 

3 

CG 

5 

SC 

4 

CG 

6 

PR 

5 

CF 

3 

PR 

2 

PR 

4 

CG 

4 

CG 

6 

CG 

1 

CG 

5 

CG 

6 

CG 

5 

PR 

5 

CG 

Aquatic  Macroinvertebrate  Data: 

Rye  Creek  RC-Ol 


%  of  sample  used:  1 7 

Subsample  size  306 

Taxa  richness  32 

EPT  richness  1 5 

Biotic  index  4.08 

%  Dominant  taxon  1 6 

%  EPT  33 

%  CoUectors  (g+f)  72 

%  Scrapers  +  Shredders  24 

%  Hydropsychinae  of  Trich  43 

Metals  tolerance  index  4.31 

Shannon  Diversity  (log2)  4.00 

EPT/Chironomidae  .79 

CTQa  71.69 

%Baetidae  of  Ephemeroptera  23 

%  Coleoptera  20 

%  Diptera  4 

%  Chironomidae  42 

%  Ephemeroptera  2 1 

%  Plecoptera  3 

%  Trichoptera  1 0 

%  multivoltine  37 

%  univoltine  40 

%  semivolttne  23 

Functional  Feeding  Grp.                                                                   %RA  #  taxa 

Filterers 

CoUector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


7 

3 

65 

16 

1 
23 

2 
5 

4 

1836 

1224 
51 

5 

Macroinvertebrate  Taxonomic  Data 

Skalkaho  Creek    SC-01 


Taxon 


BI 


FFG 


Acentrella 

Baetis  tricaudatus 

Drunella  doddsi 

Drunella  grandis 

Serratelia  tibialis 

Epeorus  aibertae 

Rhithrogena 

Ameletus 

Tricorythodes  minutus 

TOTAL:  EPHEMEROPTERA 

Amphinemura 

Zapada  cinctipes 

Calineuria  caiifornica 

Hesperoperia  pacifica 

Skwala 

TOTAL:  PLECOPTERA 

Arctopsyche  grandis 

Brachycentrus  americanus 

Glossosoma 

Hydropsyche 

Lepidostoma 

Rhyacophiia  Angelita  Gr. 

TOTAL:  TRICHOPTERA 

Heterlimnius 

Optioservus 

Zaitzevia 

TOTAL:  COLEOPTERA 

Ceratopogonidae 

Simuiium 

Hexatoma 

TOTAL:  DIPTERA 

Eukiefferiella  Gracei  Gr. 

Micropsectra 

Orthocladius 

Pagastia 

Polypedilum 

Rheocricotopus 

Thienemannimyia 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


11 

3.22 

4 

CG 

44 

12.87 

4 

CG 

16 

4.68 

1 

SC 

13 

3.80 

2 

CG 

11 

3.22 

2 

CG 

3 

0.88 

2 

SC 

33 

9.65 

0 

SC 

4 

1.17 

0 

CG 

1 

0.29 

4 

CG 

136 

39.77 

1 

0.29 

2 

SH 

6 

1.75 

3 

SH 

6 

1.75 

2 

PR 

6 

1.75 

1 

PR 

7 

2.05 

3 

PR 

26 

7.60 

25 

7.31 

2 

CF 

1 

0.29 

1 

SC 

4 

1.17 

0 

SC 

11 

3.22 

5 

CF 

4 

1.17 

1 

SH 

1 

0.29 

0 

PR 

46 

13.45 

5 

1.46 

3 

CG 

21 

6.14 

5 

SC 

5 

1.46 

4 

CG 

31 

9.06 

1 

0.29 

6 

PR 

1 

0.29 

5 

CF 

4 

1.17 

2 

PR 

6 

1.75 

17 

4.97 

4 

CG 

45 

13.16 

4 

CG 

2 

0.58 

6 

CG 

3 

0.88 

1 

CG 

3 

0.88 

6 

CG 

1 

0.29 

4 

CG 

1 

0.29 

5 

PR 

25 

7.31 

5 

CG 

97 

28.36 

342 

100.00 

Aquatic  Macroinvertebrate  Data: 

Skalkaho  Creek    SC-OI 


%  of  sample  used:  1 7 

Subsample  size  330 

Taxa  richness  34 

EPT  richness  20 

Biotic  index  3.03 

%  Dominant  taxon  1 3 

%  EPT  61 

%  CoUectors  (g+f)  66 

%  Scrapers  +  Shredders  26 

%  Hydropsychinae  of  Trich  24 

Metals  to  lerance  index  3.14 

Shannon  Diversity  (log2)  4.29 

EFT/Chironomidae  2.14 

CTQa  62 

%Baetidae  of  Ephemeroptera  40 

%  Coleoptera  9 

%  Diptera  2 

%  Chironomidae  28 

%  Ephemeroptera  40 

%  Plecoptera  8 

%  Trichoptera  1 3 

%  multivoltine  34 

%  univoltine  46 

%  semivoltine  20 

Functional  Feeding  Grp.                                                                    %RA  #  taxa 

Filterers 

Collector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


11 

3 

56 

15 

3 

3 

23 

6 

8 

1980 
41 
660 

7 

Macroinvertebrate  Taxonomic  Data 

Sweathouse  Creek  SWOl 


Taxon 


BI 


FFG 


Pacifasticus 

Acari 

TOTAL:  MISC.  TAXA 

Baetis  tricaudatus 

Diphetor  hageni 

Drunella  coloradensis 

Drunella  doddsi 

Drunella  grandis 

Serratella  tibialis 

Cinygmula 

Epeorus  Jongimanus 

Leucocruta 

Rhithrogena 

TOTAL:  EPHEMEROPTERA 

Sweltsa 

Amphinemura 

Calineuria  caiifomica 

Pteronarceila 

TOTAL:  PLECOPTERA 

Arctopsyciie  grandis 

Micrasema 

Glossosoma 

Apatania 

Wormaidia 

Rhyacophila  Betteni  Gr. 

Rhyacophila  Brunnea  Gr. 

Neophylax 

TOTAL:  TRICHOPTERA 

Heterlimnius 

Optioservus 

Zaitzevia 

TOTAL:  COLEOPTERA 

Simulium 

Hexatoma 

Hesperoconopa 

TOTAL:  DIPTERA 

Brillia 

Micropsectra 

Rheocricotopus 

Thienemannimyia 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


1 

0.29 

6 

SH 

1 

0.29 

5 

PA 

2 

0.58 

5 

1.46 

4 

CG 

7 

2.04 

5 

CG 

1 

0.29 

0 

CG 

3 

0.87 

1 

SC 

35 

10.20 

2 

CG 

9 

2.62 

2 

CG 

1 

0.29 

0 

SC 

10 

2.92 

1 

SC 

2 

0.58 

4 

SC 

2 

0.58 

0 

SC 

75 

21.87 

1 

0.29 

0 

PR 

2 

0.58 

2 

SH 

1 

0.29 

2 

PR 

1 

0.29 

4 

SH 

5 

1.46 

17 

4.96 

2 

CF 

1 

0.29 

1 

SH 

12 

3.50 

0 

SC 

2 

0.58 

3 

SC 

2 

0.58 

0 

CF 

1 

0.29 

0 

PR 

1 

0.29 

2 

PR 

5 

1.46 

3 

SC 

41 

11.95 

22 

6.41 

3 

CG 

89 

25.95 

5 

SC 

72 

20.99 

4 

CG 

183 

53.35 

1 

0.29 

5 

CF 

3 

0.87 

2 

PR 

1 

0.29 

1 

UN 

5 

1.46 

3 

0.87 

4 

SH 

9 

2.62 

4 

CG 

1 

0.29 

4 

CG 

2 

0.58 

5 

PR 

17 

4.96 

5 

CG 

32 

9.33 

343 

100.00 

Aquatic  Macroinvertebrate  Data: 

Sweathouse  Creek  SWOl 


%  of  sample  used:  23 

Subsample  size  330 

Taxa  richness  35 

EPT  richness  22 

Biotic  index  3.50 

%  Dominant  taxon  26 

%  EPT  37 

%  CoUectors  (g+f)  58 

%  Scrapers  +  Shredders  39 

%  Hydropsychinae  of  Trich  0 

Metals  tolerance  index  293 

Shannon  Diversity  (log2)  3.64 

EFT/Chironomidae  3.78 

CTQa  53.00 

%Baet  idae  o  f  Ephemeroptera  1 6 

%  Coleoptera  53 

%  Diptera  1 

%  Chironomidae  9 

%  Ephemeroptera  22 

%  Plecoptera  1 

%  Trichoptera  12 

%  multivoltine  10 

%  univoltine  3 1 

%  semivoltine  59 

Functional  Feeding  Grp.  %RA  #  taxa 

Filterers 

Collector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


6 

3 

52 

10 

2 

5 

37 

9 

3 

1414 
28 
471 

6 

Macroinvertebrate  Taxonomic  Data 

Three  Mile  Creek    TM-01 

Taxon  

Nematoda 

Oligochaeta 

TOTAL:  MISC.  TAXA 

Baetis  tricaudatus 

Diphetor  hageni 

Serratella  tibialis 

Leucocruta 

Paraleptophlebia 

Tricorythodes  minutus 

TOTAL;  EPHEMEROPTERA 

Amphinemura 

Zapada  cinctipes 

Hesperoperla  pacifica 

Skwala 

Pteronarcella 

TOTAL:  PLECOPTERA 

Glossosoma 

Hydropsyche 

TOTAL:  TRICHOPTERA 

Cleptelmis 

Heterlimnius 

Optioservus 

Zaitzevia 

TOTAL:  COLEOPTERA 

Chelifera 

Simulium 

Dicranota 

Ormosia 

Tipula 

TOTAL:  DIPTERA 

Cricotopus  Trifascia  Gr. 

Eukiefferiella  Devonica  Gr. 

Eukiefferiella  Pseudomontana  Gr. 

Micropsectra 

Orthocladius 

Pagastia 

Parametriocnemus 

Thienemanniella 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


BI 


FFG 


1 

0.33 

5 

OM 

1 

0.33 

10 

CO 

2 

0.66 

101 

33.22 

4 

CG 

1 

0.33 

5 

CG 

9 

2.96 

2 

CG 

19 

6.25 

4 

SC 

2 

0.66 

1 

CG 

13 

4.28 

4 

CG 

145 

47.70 

1 

0.33 

2 

SH 

2 

0.66 

3 

SH 

9 

2.96 

1 

PR 

3 

0.99 

3 

PR 

2 

0.66 

4 

SH 

17 

5.59 

1 

0.33 

0 

SC 

3 

0.99 

5 

CF 

4 

1.32 

1 

0.33 

4 

CG 

4 

1.32 

3 

CG 

23 

7.57 

5 

SC 

6 

1.97 

4 

CG 

34 

11.18 

2 

0.66 

5 

PR 

11 

3.62 

5 

CF 

2 

0.66 

3 

PR 

0.33 

6 

CG 

0.33 

4 

SH 

17 

5.59 

2.96 

6 

CG 

0.33 

8 

CG 

10 

3.29 

8 

CG 

20 

6.58 

4 

CG 

19 

6.25 

6 

CG 

0.33 

1 

CG 

0.99 

5 

CG 

0.33 

6 

CG 

21 

6.91 

5 

CG 

85 

27.96 

304 

100.00 

Aquatic  Macroinvertebrate  Data: 

Three  Mile  Creek    TM-01 


%  of  sample  used: 
Subsample  size 


50 
304 


Taxa  richness 

EPT  richness 

Biotic  index 

%  Dominant  taxon 

%  EPT 

%  CoUectors  (g+f) 

%  Scrapers  +  Shredders 

%  Hydropsychinae  of  Trich 

Metals  tolerance  index 

Shannon  Diversity  (log2) 

EFT/Chironomidae 

CTQa 

%Baetidae  of  Ephemeroptera 

%  Coleoptera 
%  Diptera 
%  Chironomidae 
%  Ephemeroptera 
%  Plecoptera 
%  Trichoptera 


33 

13 
4.34 

33 

55 

78 

16 

.75 

4.17 

3.75 

1.95 

75.79 

70 

11 
6 

28 
48 

6 

1 


%  multivoltine 
%  univoltine 
%  semivoltine 


47 
38 
15 


Functional  Feeding  Grp. 


%RA 


#  taxa 


FUterers 

Collector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


5 

2 

74 

19 

2 

4 

14 

3 

5 

608 
28 
486 

4 

MacroinvertebrateTaxonomic  Data 

West  Fork  Binerroot  River  WF-01 


Taxon 


Oligochaeta 

TOTAL:  MISC.  TAXA 

Acentrella 

Baetis  bicaudatus 

Drunella  doddsi 

Serratella  tibialis 

Cinygmula 

Rhithrogena 

TOTAL:  EPHEMEROPTERA 

Sweltsa 

Calineuria  californica 

Claassenia  sabulosa 

Hesperoperla  pacifica 

Pteronarcys 

TOTAL:  PLECOPTERA 

Arctopsyche  grandis 

Giossosoma 

Hydropsyche 

Apatania 

Dicosmoecus  gilvipes 

TOTAL:  TRJCHOPTERA 

Heteriimnius 

Optioservus 

TOTAL:  COLEOPTERA 

Atherix 

Hexatoma 

TOTAL:  DIPTERA 

Briilia 

Eukiefferieila  Pseudomontana  Gr. 

Micropsectra 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


1 

0.50 

1 

0.50 

1 

0.50 

1 

0.50 

7 

3.48 

18 

8.96 

1 

0.50 

23 

11.44 

51 

25.37 

2 

1.00 

6 

2.99 

2 

1.00 

3 

1.49 

24 

11.94 

37 

18.41 

12 

5.97 

1 

0.50 

13 

6.47 

1 

0.50 

1 

0.50 

28 

13.93 

2 

1.00 

7 

3.48 

9 

4.48 

21 

10.45 

1 

0.50 

22 

10.95 

1 

0.50 

1 

0.50 

50 

24.88 

1 

0.50 

53 

26.37 

201 

100.00 

BI 


10 

4 
2 
1 
2 
0 
0 

0 
2 
3 
1 
2 

2 
0 
5 
3 
2 

3 

5 

5 
2 

4 
8 
4 
5 


FFG 


CG 

CG 
CG 
SC 
CG 
SC 
SC 

PR 
PR 
PR 
PR 
SH 

CF 
SC 
CF 
SC 
SC 

CG 
SC 

PR 
PR 

SH 
CG 
CG 
CG 


Aquatic  Macroinvertebrate  Data: 

West  Fork  Bitterroot  River  WF-01 


%  of  sample  used:  100 

Subsample  size  201 

Taxa  richness  25 

EPT  richness  1 6 

Biotic  index  2.92 

%  Dominant  taxon  25 

%  EPT  58 

%  Collectors  (g+f)  50 

%  Scrapers  +  Shredders  33 

%  Hydropsychinae  of  Trich  .46 

Metals  tolerance  index  2.38 

Shannon  Diversity  (log2)  3.57 

EPT/Chironomidae  2.19 

CTQa  52.40 

%Baetidae  of  Ephemeroptera  4 

%  Coleoptera  4 

%  Diptera  1 1 

%  Chironomidae  26 

%  Ephemeroptera  25 

%  Plecoptera  1  g 

%  Trichoptera  14 

%  multivoltine  22 

%  univoltine  50 

%  semivoltine  28 

Functional  Feeding  Grp.                                                                   %RA  #  taxa 

Filterers 

Collector-Gatherers 

Shredders 

Scrapers 

Predators 


Est.  total  number  of  organisms 
Est.  number  collected  per  foot 
Est.  number  collected  per  minute 


12 

2 

37 

8 

12 

2 

20 

7 

17 

201 
2 
34 

6 

TABLE  A.  Functional  Feeding  Groups 


Abbreviation 

Description 

CF 

Collector  -  filterer 

CG 

Collector  -  gatherer 

OM 

Omnivore 

PA 

Parasite 

PR 

Predator 

SC 

Scraper 

UN 

Unknown 

SH 

Shredder 

(V 
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INTRODUCTION 

Benthic  assemblages  are  aptly  applied  to  aquatic  bioassessment  since  they  are  known  to 
be  important  indicators  of  stream  ecosystem  health  (Hynes  1970).  Long  lives,  complex  life 
cycles  and  limited  mobility  mean  that  there  is  ample  time  for  the  benthic  community  to 
respond  to  cumulative  effects  of  environmental  perturbations. 

Multimetric  approaches  to  bioassessment  use  attributes  of  the  assemblage  in  an 
integrated  way  to  measure  biotic  integrity,  defined  by  Karr  and  Dudley  as  ". .  the  ability  of  an 
aquatic  ecosystem  to  support  and  maintain  a  balanced,  integrated,  adaptive  community  of 
organisms  having  a  species  composition,  diversity,  and  fijnctional  organization  comparable  to 
that  of  the  natural  habitats  within  a  region."  The  additive  multimetric  approach  designed  by 
Plafkin  et  al.  (1989)  and  adapted  for  use  in  the  State  of  Montana  has  been  defined  as  ". . .  an 
array  of  measures  or  metrics  that  individually  provide  information  on  diverse  biological 
attributes,  and  when  integrated,  provide  an  overall  indication  of  biological  condition." 
(Barbour  et  al.  1995).  Community  attributes  that  can  contribute  meaningfully  to  interpretation 
of  aquatic  data  include  assemblage  structure,  sensitivity  of  community  members  to  stress  or 
pollution,  and  functional  traits.  Each  metric  component  contributes  an  independent  measure  of 
the  biotic  integrity  of  a  stream  site,  combining  the  components  into  a  total  score  reduces 
variance  and  increases  precision  of  the  assessment  (Fore  et  al.  1995)  Effectiveness  of  the 
integrated  metrics  depends  on  the  applicability  of  the  underlying  model,  which  rests  on  a 
foundation  of  three  essential  elements  (Bollman  1998).  The  first  element  is  an  appropriate 
stratification  or  classification  of  stream  sites,  typically,  by  ecoregion  Second,  metrics  must  be 
selected  based  upon  their  ability  to  accurately  express  biological  condition.  Third,  an  adequate 
assessment  of  habitat  conditions  at  each  site  to  be  studied  must  be  done,  to  assist  in  the 
interpretation  of  metric  outcomes. 

Relevant  habitat  assessment  enhances  the  interpretation  of  biological  data  (Barbour  and 
Stribling  1991),  because  there  is  generally  a  direct  response  of  the  biological  community  to 
habitat  degradation  in  the  absence  of  water  quality  impairment  If  biotic  heahh  appears  more 
damaged  than  the  habitat  quality  would  predict,  water  pollution  by  quantities  of  organic 
materials,  nutrients,  metals,  or  other  toxicants  might  be  suspected  On  the  other  hand,  an 
"artificiaf  elevation  of  biotic  condition  in  the  presence  of  habitat  degradation  may  be  due  to 
the  paradoxical  effect  of  mild  nutrient  or  organic  enrichment.  Habitat  assessment  data  is  even 
more  important  in  the  plains  ecoregions,  where  the  relationships  between  habitat  variables  and 
benthic  community  characteristics  remain  largely  unknown. 

This  report  summarizes  data  collected  in  late  June  2001,  from  OTallon  Creek  and 
tributary  systems,  using  a  multimetric  method  of  analysis,  an  adaptation  of  the  U.S.  EPA's 
Rapid  Bioassessment  Protocols  (RBP  III)  (Plafkin  et  al.  1989).  Invertebrates  were  collected  at 
eleven  sites  in  this  watershed,  which  is  tributary  to  the  Yellowstone  River  located  in  the 
Northwestern  Great  Plains  ecoregion  (Woods  et  al.  1999). 

Selection  of  bioassessment  metrics,  assessment  of  habitat,  and  evaluation  of  benthic 
community  attributes  for  this  study  were  not  straightforward  tasks.  The  standard  operating 
procedures  manual  for  aquatic  invertebrate  sampling  and  analysis  of  the  Montana  Department 
of  Environmental  Quality  (Montana  DEQ)  (Bukantis  1998)  recommends  the  use  often  metrics 
for  assessing  biota  of  streams  in  the  Montana  plains  ecoregions,  and  a  habitat  assessment 
incorporating  ten  habitat  measures  thought  to  be  related  to  disturbance  and  biology  in  streams 
with  glide  and  pool  prevalence.  Implicit  in  the  multimetric  method  and  its  associated  habitat 
assessment  is  an  assumption  of  correlative  relationships  between  disturbance,  habitat  measures. 


and  the  biotic  metrics,  in  the  absence  of  water  quality  impairment.  These  relationships  may 
vary  regionally,  requiring  an  examination  of  independent  measures  of  human-caused 
disturbance,  habitat  assessment  elements,  and  biotic  metrics  and  a  test  of  the  presumed 
relationship  between  them.  Assurance  of  the  validity  of  association  between  disturbance,       - 
habitat  measures,  and  biotic  metrics  is  particularly  compelling  in  the  Montana  plains 
ecoregions  through  which  O'Fallon  Creek  and  its  tributaries  flow,  since  impairment  of  the 
biotic  health  of  streams  in  this  region  is  generally  the  result  of  non-point  sources  related  to 
human-caused  disturbances.  Agricultural  activities,  cattle  grazing,  and  flow  alteration  are 
predominant  causes  of  stream  degradation  The  benthic  assemblages  of  the  plains  ecoregions 
and  the  performance  of  the  recommended  bioassessment  metrics  have  not  yet  been  examined 
thoroughly  enough  to  determine  whether  or  not  the  individual  metrics  or  their  integrated  scores 
can  discriminate  impaired  conditions  from  good  biotic  health.  This  author  (Bollman  1998) 
evaluated  bioassessment  metrics  for  the  Montana  valleys  and  foothill  prairies  ecoregion,  and 
found  that  many  metrics  recommended  for  use  in  that  region  were  not  accurate  in 
discriminating  impaired  from  unimpaired  conditions.  However,  analysis  of  benthic 
communities  based  on  the  taxonomic  composition  of  the  assemblages  collected  is  probably  a 
valid  approach  to  bioassessment  in  the  plains  ecoregions  Thus,  while  bioassessment  scores 
must  be  regarded  cautiously,  observations  based  on  characteristics  of  taxa  present  in  samples  is 
likely  to  reveal  reliable  information  about  water  quality  and  habitat  condition.  To  maximize  the 
reliability  of  assessments,  Montana  DEQ  requires  this  type  of  information  in  addition  to 
bioassessment  indices  and  scores  to  assist  in  management  decisions. 

Relationships  between  human-caused  disturbance  and  the  measures  comprising  the 
habitat  assessment  index  used  in  this  study  are  not  completely  understood,  and  have  not  yet 
been  thoroughly  investigated  in  the  Montana  plains  ecoregions.  Recently,  Fore  and  Bollman 
(2000)  have  studied  the  relationships  between  independent  measures  of  disturbance,  habitat 
features,  and  biotic  metrics  for  three  ecoregions  of  Idaho.  This  study  found  that  many  habitat 
assessment  measures  are  either  not  strongly  related  to  human-caused  disturbance  or  they  do  not 
appear  to  have  an  appreciable  effect  on  biotic  metrics.  Since  neither  the  habitat  measures  nor 
the  bioassessment  metrics  used  at  this  time  in  the  Montana  plains  ecoregions  have  been 
subjected  to  testing  procedures,  it  is  impossible  to  say  with  certainty  that  the  habitat  measures 
used  here  are  associated  with  anthropogenic  disturbance,  and  flirther,  whether  those  habitat 
measures  are  associated  with  features  of  the  biological  communities  of  the  streams  in  the 
O'Fallon  Creek  watershed  represented  by  the  bioassessment  metrics.  Therefore,  bioassessment 
and  habitat  assessment  scores  presented  in  this  report  must  be  considered  tentative,  and  the 
data  should  be  reconsidered  in  the  future,  after  research  has  been  done  to  better  elucidate  these 
relationships.  Conclusions  and  observations  based  upon  characteristics  of  the  taxa  present  in 
samples  is  likely  to  be  the  most  reliable  source  of  information  concerning  water  quality  and 
instream  and  riparian  habitat  conditions  for  purposes  of  resource  management. 

METHODS 

Aquatic  invertebrates  were  sampled  from  eleven  sites  in  the  O'Fallon  Creek  watershed 
on  June  26,  27,  and  28,  2001.  Sampling  site  locations,  identifiers,  and  descriptions  are  given  in 
Table  1. 


Table  1.  Sampling  site  identifiers,  descriptions  and  locations  in  the  O'Fallon  Creek  watershed, 
June  2001. 


Site 
Identifier 


Location 


GPS  location 


AF-7 

AF-3 
AF-5 
BF-8 
BF-10 

AS-2 
AS-5 
CF-11 
SS-3 
DF-6 
DF-10 


O'Fallon  Creek:  at  Willard  crossing 

O'Fallon  Creek 

O'Fallon  Creek: 

O'Fallon  Creek:  at  Mildred 

O'Fallon  Creek:  near  mouth 
Sandstone  Creek:  above  Leibec 


46°  28'  03.5"  N  104°  46'  33.28"W 

(2001) 

46°  ir08"N  104°  43'  58"W 

(1999) 

46°  16'  51.5"  N  104°45'27.23"W 

46°  25'  14.15"N  104°  45'41,72"W 

46°  41' 23.0"  N  104°  58'40.6"W 

46°  43'  21.8"  N  105°  01'42.8"W 

46°  24'  09.93"  N  104°  25'  41.20"  W 


bridge 

Sandstone  Creek:  Stefles  bridge         46°  24'  37.21"N  104°  32'  43.54"  W 
Sandstone  Creek:  Bill  Bickle  bridge 


near  state  section 

South  Sandstone  Creek:  about  1000 

ft.  fi'om  mouth.  South  of  Plevna. 

Pennel  Creek 
Pennel  Creek 


46°29.081'N  104°43.929'W 

46°24.248'N  104°31.443'W 

46°  32'  28.5"N  104°  37'  35.5"W 

46°  33'  46.3"N  104°  51'  09.5"  W 


In  addition  to  invertebrate  sample  collection,  habitat  quality  was  visually  evaluated  at 
each  site  and  reported  by  means  of  the  habitat  assessment  protocols  recommended  by  Bukantis 
(1998)  for  streams  with  prevalent  glides  and  pools.  Invertebrate  samples  and  the  associated 
habitat  data  were  delivered  to  Rhithron  Biological  Associates,  Missoula,  Montana,  for 
laboratory  and  data  analyses.  In  the  laboratory,  the  RBP  III  sorting  method  was  used  to  obtain 
subsamples  of  300  (+/-  10%)  organisms  fi"om  each  sample  when  possible.  When  samples 
contained  fewer  than  300  total  organisms,  all  invertebrates  present  were  used.  Community 
structure,  fianction,  and  sensitivity  to  impact  were  characterized  for  each  subsample  using  a 
battery  often  attributes,  or  metrics,  recommended  by  Bukantis  (1998)  for  streams  of  the 
Montana  plains  ecoregions  (Table  2).  Metric  results  were  compared  to  reference  criteria 
provisionally  established  by  Montana  DEQ  for  streams  of  the  Plains  ecoregions.  Actual  metric 
values  from  each  sample  were  compared  to  ecoregional  reference  values  to  obtain  scores. 
Scores  for  all  metrics  were  combined,  and  a  total  bioassessment  score  was  expressed  as  a 
percentage  of  the  maximum  possible  score.  Total  bioassessment  scores  were  interpreted  in 
terms  of  aquatic  life  or  other  uses  according  to  guidelines  established  by  Montana  DEQ 
(Bukantis  1998)  and  elaborated  in  Table  3  in  this  report. 


Table  2.  Provisional  metrics  and  scoring  criteria  for  the  Montana  plains  ecoregions;  the 
Montana  plains  ecoregions  reference.  (Bukantis,  1998). 


Score 

Metric 

3 

2 

1 

0 

Taxa  richness 

>24 

24-18 

18-12 

<12 

EPT  richness 

>8 

8-6 

5-3 

<3 

Biotic  Index 

<5 

5-6 

6-7 

>7 

%  Dominant  taxon 

<30 

30-45 

45  -  60 

>60 

%  Collectors 

<60 

60-80 

•    80-95 

>95 

%EPT 

>50 

50-30 

30-10 

<10 

Shannon  H  (log2) 

>3.0 

3.0-2.4 

2.4-1.8 

<1.8 

%  Scrapers  + 
shredders 

>30 

30-15 

15-3 

<3 

#  Predator  ta.xa 
%  Multivoltine 

>5 

<40 

4-5 

40-60 

3-4 
60-80 

<3 
>80 

Table  3.  Criteria  for  the  assignment  of  support  classifications  /  standards  violation 
thresholds  (Bukantis,  1998) 


%  Comparability  to  reference 


>75 

25-75 

<25 


Use  support 


Full  support— standards  not  violated 

Partial  support— moderate  impairment- 
standards  violated 

Non-support— severe  impairment— standards 
violated 


RESULTS 


Habitat  Assessment 

Table  4  shows  the  habitat  parameters  evaluated,  parameter  scores  and  overall  habitat 
evaluations  for  the  eleven  sites  studied.  Figure  1  graphically  compares  total  habitat  assessment 
scores  for  the  studied  sites. 
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Figure  1.  Total  habitat  assessment  scores  for  eleven  sites  in  the  O'Fallon  Creek 
watershed.  June  2001.  Habitat  was  assessed  at  Willard  in  1999. 


at 
Willard 
(1999) 


AF-3       AF-5        BF-8       BF-IO      AS-2       AS-5       CF-II       SS-3        DF-6      DF-10 


I  Willard  1999  H  O'Fallon  Creek  ■  Sandstone  Creek  DPennel  Creek 


Overall  habitat  assessment  scores  indicated  that  habitat  conditions  were  sub- 
optimal  at  10  of  the  1 1  sites  studied.  Habitat  assessments  were  not  available  for  O'FaUon 
Creek  at  Willard  in  2001 ;  data  from  sampling  in  1999  was  used. 

In  1999,  substrate  at  the  Willard  site  was  reported  to  be  sub-optimal,  with  logs 
present  instream,  and  submerged  aqueous  vegetation  and  rocks  characterizing  riffle 
habitats.  Some  silt  deposition  was  noted.  Pool  substrates  were  described  as  "hard  gravel'". 

Habitat  conditions  appeared  to  be  fairly  consistent  longitudinaUy  in  O'FaUon 
Creek  in  2001 .  Substrate  in  sampled  riffles  was  reported  to  be  mainly  sand  and  gravel  at 
the  upstream  sites  (AF-3,  AF-5)  while  cobble  was  added  to  the  mix  at  the  downstream 
sites  (BF-8,  BF-10).  Pool  substrates  were  primarily  muddy  at  the  upstream  sites,  some 
cobble  was  also  present  in  pools  at  the  lower  sites.  The  variability  of  pool  morphology 
was  perceived  to  increase  longitudinally;  thus,  instream  habitat  appears  to  have  increased 
in  heterogeneity  from  the  upstream  sites  to  the  downstream  locations.  Sediment 
deposition  was  generally  minor  at  all  sites  studied. 

Channel  alteration  increased  in  the  downstream  direction,  with  optimal  scores  at 
the  upstream  sites  degenerating  to  a  marginal  score  at  the  lowermost  site,  BF-10.  A 
related  feature,  channel  sinuosity  also  deteriorated  from  a  sub-optimal  condition  at  sites 
AF-3  and  AF-5  to  a  marginal  condition  at  site  BF-10.  While  bank  stability  and  vegetative 
cover  were  good  in  all  reaches,  little  or  no  riparian  vegetation  was  present  in  any 
evaluated  reach  of  O'Fallon  Creek. 

Gravel  and  sand  characterized  riffles  in  Sandstone  Creek,  with  variable  pool 
morphologies  present;  instream  habitats  were  apparently  quite  diverse.  Sediment 
deposition  was  moderate  at  the  two  upstream  sites  (AS-2,  AS-5),  but  only  minor  at  the 
lowest  site  (CF-1 1).  Few  channelized  sections  were  noted  in  any  reach,  and  sinuosity  was 
perceived  to  be  appropriate.  Some  incisement  of  the  channel  was  noted  at  the  two  upper 


sites.  Flow  conditions  were  judged  good  in  the  upper  two  reaches,  but  the  field 
investigator  noted  that  wastewater  releases  may  affect  flows  monthly  in  these  locations. 
Sub-optimal  flow  status  was  reported  in  the  lowermost  reach. 

Streambank  vegetation  was  "less  robust  and  diverse"  in  the  uppermost  reach  than 
in  the  other  evaluated  reaches  of  Sandstone  Creek,  few  woody  plants  were  noted  at  site 
AS-5.  Bank  stability  was  marginal  at  both  upper  sites  and  banks  were  described  as 
incised,  but  no  major  movement  of  streambank  soils  were  noted.  By  contrast,  the  lower 
site  was  perceived  to  have  optimal  bank  vegetative  protection  and  optimal  stability.  Poor 
riparian  zone  width  was  noted  at  the  lower  site,  and  incisement  limited  riparian  zone 
potential  at  the  upper  two  sites. 

Habitat  conditions  at  the  single  site  on  South  Sandstone  Creek  were  scored 
similarly  to  the  sites  on  the  mainstem.  Instream  habitat  was  generally  judged  sub-optimal, 
but  some  diversity  was  apparently  perceived.  The  site  was  noted  to  be  unaffected  by 
appreciable  sediment  deposhion.  No  channel  alteration  was  noted,  other  than  the 
presence  of  an  upstream  bridge,  but  sinuosity  was  judged  marginal.  Flow  status  was  rated 
optimal.  Streambanks  were  perceived  to  be  well- vegetated  and  stable,  but  the  riparian 
zone  width  was  rated  marginal. 

The  two  sites  on  Pennel  Creek  received  slightly  higher  scores  for  overall  habitat 
quality  than  sites  on  the  other  streams  studied.  Instream  habitat  conditions  were  optimal 
at  the  upper  Pennel  Creek  site  (DF-6),  with  abundant  vegetation  and  snags  providing 
some  diversity.  Sub-optimal  instream  condhions  were  noted  at  the  lower  site  (DF-10), 
though  pool  substrate  was  perceived  to  be  a  more  diverse  mix  here.  Morphological 
variability  of  pools  was  only  marginal  at  the  lower  site.  Sediment  deposition  was  noted  to 
be  moderate  at  the  upper  site,  but  minor  at  the  downstream  site.  Bank  vegetation 
protection  and  associated  bank  stability  were  optimal  at  both  sites  on  Pennel  Creek,  but 
riparian  zone  functional  potential  was  judged  poor,  with  widths  severely  limited. 

Bioasssessment 

Macroinvertebrate  taxa  lists,  metric  results  and  other  information  for  each  sample 
are  given  in  the  Appendix.  Table  3  summarizes  the  metric  battery  used  in  the  Plains 
ecoregional  reference  method,  and  Table  4  shows  the  Montana  DEQ  criteria  for 
assignment  of  use-support  categories.  Breakdown  of  scores  for  each  metric  calculated 
from  the  O'Fallon  Creek  watershed  aquatic  invertebrate  samples  is  presented  in  Table  5. 
Figure  2  compares  the  total  bioassessment  scores  for  all  eleven  sites  when  the  aquatic 
invertebrate  data  was  evaluated  using  the  Montana  DEQ  plains  ecoregions  reference  and 
metric  battery,  which  are  considered  provisional.  It  is  important  to  note  that  neither  the 
metric  battery  used  here  nor  any  of  its  components  has  been  tested  for  discriminatory 
power,  accuracy,  or  precision  in  Plains  ecoregions  streams. 

Bioassessment  scores  calculated  by  this  method  indicate  partial  support  of 
designated  uses  at  all  but  one  of  the  studied  sites.  At  site  DF-6,  the  uppermost  site 
sampled  on  Pennel  Creek,  uses  were  not  supported,  and  severe  impairment  of  biotic 
heahh  was  indicated.  Scores  at  the  other  10  sites  indicated  a  range  from  slight  impairment 
of  biotic  health  in  the  lower  sampled  reaches  of  O'Fallon  Creek,  to  moderate  impairment 
in  the  upper  sampled  reaches  of  O'Fallon  Creek,  at  all  sites  in  the  Sandstone  Creek 
drainage,  and  at  the  lower  site  on  Pennel  Creek. 


At  the  upper  sites  on  O'Fallon  Creek  (at  Willard,  AF-3,  AF-5),  high  biotic  index 
values  and  low  abundance  of  scraping  and  shredding  taxa  were  the  main  reason  for  the 
lower  assessment  score.  In  the  lower  reaches.  EPT  richness  was  much  lower  than 
expected  at  all  3  sites  and  biotic  index  values  were  high.  Another  impact  on  the 
bioassessment  score  was  the  virtual  absence  of  shredders  and  scrapers  in  these  reaches. 

The  Sandstone  Creek  watershed  and  Pennel  Creek  both  had  generally  lower 
bioassessment  scores  than  did  OTallon  Creek.  EPT  richness  was  very  low  at  all  sites  in 
these  drainages,  and  biotic  index  values  were  high.  At  most  sites,  a  single  taxon 
dominated  in  the  sample;  dominant  taxon  abundance  was  as  high  as  81%.  The  general 
measure  of  diversity,  Shannon  H,  was  much  lower  than  expected  at  every  site  in  these 
two  watersheds.  Shredders  and  scrapers  were  all  but  absent  from  the  reaches  studied. 
Scores  at  Pennel  Creek  sites  were  further  diminished  by  a  lack  of  predator  taxa,  and 
generally  low  taxa  richness. 

Aquatic  invertebrate  communities 

High  biotic  index  scores  in  the  upper  reaches  of  O'Fallon  Creek  suggest  that 
water  quality  was  impaired  by  nutrient  and/or  organic  pollution  or  that  water 
temperatures  were  relatively  warm.  The  relatively  high  taxa  richness  at  all  sites  on 
O'FaUon  Creek  could  be  interpreted  as  evidence  of  organic  enrichment  of  these  sites.  At 
the  Willard  site  in  2001 ,  the  single  mayfly  taxon  collected  was  the  highly  tolerant  Caenis 
latipennis:  it  represented  38%  of  the  sampled  assemblage.  Other  abundant  taxa  were  the 

Figure  2.  Total  bioassessment  scores,  expressed  as  percent  of  maximum  score,  for  eleven 
sites  in  the  OTallon  Creek  watershed.  June  2001.  Additional  data  from  the  site  at  Willard 
is  from  a  1 999  study.  Montana  plains  ecoregions  reference  used  for  comparison 
(Bukantis  1998). 
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midge  Paratanytarsus  sp.,  and  the  blackfly  Simuliiim  sp.  This  assemblage  suggests 
abundant  organic  material  in  the  form  of  fine  deposits  as  well  as  suspended  in  the  flow. 
Sandy  substrates  at  the  site  are  indicated  by  the  presence  of  the  midge  Pseudochironomus 
sp. 

In  1999,  the  site  at  Willard  was  sampled  as  part  of  another  Montana  DEQ  study 
(Bollman  2000).  The  1999  sample  from  this  site  produced  a  bioassessment  score  of  30% 
of  maximum,  while  the  2001  sample  scored  50%  of  maximum.  Samples  scored  similarly 
for  the  number  of  taxa  collected,  number  of  EPT  taxa  collected,  biotic  index  value, 
dominance,  diversity,  and  functional  components  There  were  differences  in  scores  for 
the  relative  contribution  of  various  functional  components  and  the  abundance  of  EPT 
taxa,  the  taxonomic  composition  of  the  samples  was  similar  in  some  respects  and  quite 
different  in  others.  Some  differences  are  necessarily  due  to  the  different  seasons  during 
which  sampling  was  carried  out.  The  1999  sample  was  collected  in  September,  while  the 
2001  sample  was  collected  in  June.  When  seasonal  differences  in  functional  and 
taxonomic  composition  are  taken  into  account,  samples  appear  to  produce  similar  results 
in  terms  of  water  quality  and  habitat  integrity  at  the  Willard  site.  The  functional  shift 
from  filter-feeders  to  gatherers  between  1999  and  2001  likely  reflects  the  senescence  of 
aquatic  vegetation  in  the  fall  rather  than  any  meaningfijl  change  in  habitat  conditions.  The 
doubling  of  the  relative  abundance  of  EPT  taxa  in  the  2001  sample  corresponds  with  the 
early  summer  emergence  o^Caenis  sp. 

The  highest  biotic  index  value  (7.21)  among  the  sites  in  the  upper  reach  of 
O'Fallon  Creek  was  calculated  for  the  assemblage  sampled  at  site  AF-3.  As  at  the 
Willard  site,  the  dominant  taxon  was  the  mayfly  Caenis  sp,  (27%  of  the  sampled 
organisms);  some  other  dominants,  which  also  suggest  organic  and/or  nutrient  pollution, 
were  the  midges  Stwhtochironomus  sp  ,  Paratanytarsus  sp.,  and  Dicrotentfipes  sp.  In  all, 
tolerant  taxa  comprised  64%  of  the  animals  in  the  sample  Sandy  substrates  are  favored 
by  the  midges  Pseudochironomus  sp.  and  Stichtochironomus  sp.,  both  of  which  were 
present  in  the  sample  taken  here. 

Indications  of  somewhat  improved  water  quality  were  present  further 
downstream  The  biotic  index  value  at  site  AF-5  was  6.47,  suggesting  better  conditions. 
The  blackfly  SimuUum  sp.  dominated  the  assemblage  here;  this  filter- feeder  comprised 
33%  of  the  organisms  sampled.  Dominance  of  SimuUum  sp.  is  difficuU  to  interpret,  since 
the  gregarious  nature  of  the  animal  may  lead  to  spurious  abundances  in  samples,  but 
plentiful  organic  particulate  material  in  suspension  is  suggested. 

Instream  habitats  in  these  reaches  of  O'Fallon  Creek  are  apparently  fairly  diverse. 
Some  clean  hard  substrate  is  apparently  available,  since  "dinger"  taxa  are  present  at 
every  site.  These  include  SimuUum  sp.  (present  at  all  three  sites),  and  the  caddis  fly 
Cheumatopsyche  sp.  (present  at  sites  AF-3  and  AF-5).  Macrophytes  apparently  add  to 
habitat  diversity  in  these  reaches,  their  presence  is  suggested  by  the  elmid  DubirapUia  sp. 
and  the  midge  Cricolopus  brevipalpus,  both  of  which  are  present  at  all  three  upper  sites 
on  OTallon  Creek. 

Generally  lower  biotic  index  values  and  increased  mayfly  taxa  richness 
characterize  the  assemblages  collected  in  the  lower  reaches  of  O'Fallon  Creek  (BF-8  and 
BF-10).  These  findings  suggest  that  water  quality  was  less  impacted  by  organic 
enrichment  in  these  reaches.  These  sites  were  the  only  locations  studied  that  supported 


scraper  taxa,  suggesting  that  water  clarity  may  also  have  been  better  here  than  in  the 
upper  reaches. 

The  number  of  "cHnger"  taxa  was  higher  in  these  lower  reaches  than  in  the  upper 
reaches  of  O'Fallon  Creek.  Sites  in  the  lower  reaches  averaged  about  6  "dinger"  taxa, 
while  lower  sites  averaged  8  taxa.  Caddis  fly  taxa  richness  was  also  generally  improved 
in  these  reaches,  and  the  abundance  of  caddis  flies  was  much  greater  than  at  the  upper 
sites.  At  the  lowermost  site,  BF-10,  caddis  flies  comprised  70%  of  the  assemblage.  Taxa 
collected  included  Brachycentnts  occidentalis  and  Hydropsyche  sp.  These  findings 
suggest  that  hard  substrates  unaffected  by  appreciable  deposition  of  fine  substrates  were 
more  prevalent  in  lower  reaches  than  in  upper  reaches. 

Bioassessment  scores  were  considerably  lower  for  all  sites  in  the  Sandstone  Creek 
drainage  than  for  those  on  O'Fallon  Creek.  Tolerant  organisms  represent  significant 
components  of  the  commumties  sampled  at  Sandstone  Creek  sites.  At  all  sites,  the  biotic 
index  value  was  somewhat  elevated,  but  low  mayfly  richness,  and,  at  two  sites,  low 
mayfly  abundance  suggests  that  water  quality  may  have  been  impaired  by  organic 
pollution  or  warm  temperatures  or  both.  In  addition,  low  caddis  fly  taxa  richness,  coupled 
with  low  numbers  of  "dinger"  taxa  suggest  that  fine  sediment  deposition  limited  habitats 
in  all  sampled  reaches  of  Sandstone  Creek. 

At  the  uppermost  site,  AS-2,  the  sampled  assemblage  was  overwhelmed  by  the 
tolerant  midge  Paratanytarsus  sp.,  which  comprised  more  than  80%  of  the  organisms 
collected  This  midge  is  associated  with  fine  silty  sediments;  other  indications  of  fine 
sediment  deposits  at  this  site  include  the  presence  of  the  exquisitely  tolerant  midge 
Chirotiomiis  sp.  The  few  "dinger"  taxa  present  here  did  not  occur  abundantly,  and 
macrophytes  may  have  provided  habitat  for  them,  the  presence  of  the  midge  Cricotopus 
hrevipalptis  suggests  the  presence  of  macrophytes  Both  midges,  as  well  as  most  of  the 
other  organisms  sampled  at  this  site  are  associated  with  lentic  conditions.  The  presence  of 
several  hemoglobin-bearing  midges,  including  Chironomus  sp.,  Dicrotendipes  sp., 
Endochironomns  sp.,  and  Parachirotiomus  sp.,  suggests  that  sediments  at  this  site  are 
anoxic.  This  may  be  due  to  any  combination  of  lentic  conditions,  warm  water 
temperatures,  and/or  nutrient  enrichment. 

Flow  was  apparently  present  at  site  AS-5,  however,  since  the  dominant  taxon 
there  was  Simulium  sp.,  which  comprised  67%  of  the  sampled  assemblage.  Organic 
particles  in  suspension  were  probably  abundant  to  support  what  appears  to  be  a  large 
number  of  this  filter-feeder.  This  blackfly  is  also  among  the  "dinger"  taxa  and  its 
overwhelming  abundance  suggests  that  at  least  some  hard  substrates  were  fi'ee  of  fine 
sediment  deposition.  Macrophytes  may  have  substituted  as  strata  for  these  "dingers" 
however.  Most  other  taxa  present  in  the  sample  were  highly  sediment-tolerant,  including 
the  tubificid  worm  Linmodriliis  hoffmeisteri,  and  the  mayfly  Caenis  latipetmis. 

Pseudochironomus  sp,  appears  again  at  the  lowermost  site  on  Sandstone  Creek, 
site  CF-1 1,  suggesting  that  some  sandy  substrates  occurred  here  instead  of  the 
monotonous  silt  and  mud  apparently  dominating  substrates  at  upstream  sites.  As  at  the 
other  sites  on  this  stream,  tolerant  taxa  were  the  rule,  monotonous  habitat  and  degraded 
water  quality  appeared  to  limit  diversity. 

The  bioassessment  score  calculated  for  the  assemblage  at  the  South  Sandstone 
Creek  site  (SS-2)  was  very  low.  Animals  collected  at  the  site  were  all  tolerant  taxa  and 
were  characteristic  of  warm  water,  lentic  flow  conditions,  and  soft  monotonous 


substrates.  The  very  high  biotic  index  score  (7.66)  could  be  attributed  to  organic  pollution 
and/or  wann  temperatures.  The  dominant  taxon  was  a  physid  snail,  which  was  probably 
associated  with  macrophytes.  All  other  taxa  collected  were  tolerant  of  fine  sediment,  very 
few  individuals  in  benthic  taxa  were  present  in  the  sample. 

Among  the  sites  sampled,  the  uppermost  site  on  Pennel  Creek  (DF-6)  scored  the 
lowest  bioassessment  rating,  with  severe  impairment  of  biotic  health  indicated.  Eighty- 
seven  percent  of  taxa  collected  at  the  site  were  midges,  and  the  dominant  taxon  was 
Tanytarsus  sp  ,  which  inhabits  soft  silty  substrates.  It  is  a  filter-feeder,  and  its  dominance 
suggests  ample  fine  organic  material  in  the  substrate.  Chironomiis  sp.,  Dicrotendipes  sp., 
EnJochironomus  sp  ,  and  Microtendipes  sp  were  all  present,  suggesting  anoxic 
substrates.  No  mayfly  or  caddis  fly  was  present  in  the  sample.  Lentic  conditions  are 
fiirther  suggested  by  the  presence  of  cladoceran  taxa,  which  comprised  8.5%  of  sampled 
animals 

Lotic  conditions  were  indicated  by  the  composition  of  the  sample  at  the  lower 
Pennel  Creek  site  (DF-10).  The  dominant  taxon  was  Simuliuni  sp.,  which  represented 
76%  of  the  sampled  assemblage.  Fine  organic  material  in  suspension  was  apparently 
plentiful.  The  next  most  abundant  taxon  was  the  mayfly  Caenis  latipennis,  which 
suggests  fine  sediments.  Six  "dinger"  taxa  were  collected,  suggesting  that  some  hard 
substrates  were  clear  of  sediment,  although  macrophytes  may  have  provided  strata  for 
some  of  these  taxa.  The  biotic  index  value  calculated  for  the  assemblage  at  this  site  was 
the  lowest  value  in  the  study,  suggesting  that  warm  water  and/or  nutrient  enrichment  was 
possibly  less  a  limiting  factor  at  this  site  than  at  others. 


CONCLUSIONS 

•  High  biotic  index  values  and  taxonomic  composition  of  sampled  assemblages 
suggest  impairment  of  water  quality  by  organic  and/or  nutrient  pollution  in  the 
upper  reaches  of  O'Fallon  Creek  (sites  at  Willard,  AF-3,  and  AF-5). 

•  Water  quality  appeared  to  be  less  degraded  in  the  lower  reaches  of  O'Fallon 
Creek,  where  biotic  index  values  suggested  less  organic  enrichment.  Mayfly  taxa 
richness  was  higher  in  the  lower  reaches  as  well,  supporting  this  thesis. 

•  There  was  some  evidence  that  fine  sediment  deposition  was  less  extensive  in  the 
lower  reaches  of  O'Fallon  Creek,  and  that  such  deposition  may  have  impaired 
biotic  health  to  some  extent  in  the  upper  reaches. 

•  All  studied  reaches  of  O'Fallon  Creek  support  long-lived  taxa,  suggesting  that 
dewatering  or  other  catastrophic  events  have  not  recently  interrupted  life  cycles. 

•  Impairment  of  biotic  health  at  the  uppermost  site  on  Sandstone  Creek  (AS-2)  was 
apparently  attributable  to  degraded  water  quality  coupled  with  monotonous,  silty 
or  muddy  instream  habitat  and  lentic  conditions. 

•  Fine  sediment  deposition  and  abundant  suspended  organic  material  seem  to  be 
indicated  by  the  taxonomic  composition  of  the  sample  taken  at  site  AS-5  on 
Sandstone  Creek 

•  Impairment  of  biotic  health  at  the  lowest  site  on  Sandstone  Creek  (CF-I  I)  was 
apparently  attributable  to  degraded  water  quality  coupled  with  monotonous,  sandy 
instream  habitat. 


Lentic  conditions,  warm  water  temperatures  and/or  organic  enrichment,  and 
monotonous  fine  substrates  limited  potential  at  the  South  Sandstone  Creek  site. 
The  upper  site  on  Pennel  Creek  (DF-6)  received  the  lowest  bioassessment  score 
among  the  sites  studied;  severe  impairment  was  indicated.  Limitations  to  integrity 
at  the  site  included  lentic  conditions,  warm  water  and/or  nutrient  enrichment,  and 
monotonous  habitat. 


• 
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APPENDIX 

Taxonomic  data  and  summaries 

O' Fallon  Creek 

Pennel  Creek 

Sandstone  and  South  Sandstone  Creeks 

June  2001 


Aquatic  Invertebrate  Taxonomic  Data 


She  Name:  O'Fallon  Creek  at  WiUard  Crossing 

Site  ID:  Willard  Crossing 

Taxon 


Approx.  percent  of  sample  us«<l  67 
Quantity  Percent 


HBI 


FFG 


Limnodnlus  sp 
Physidae 
Gvraulus  sp 
Hxalella  azieca 


Ahlahesmxui  sp. 
Con  none  lira  sp 
Cncotopus  (Isocladius)  Gr 
Cncotopus  brevipalpus 
Dicrotendipes  sp 
Parachtronomus  sp. 
Paratcmytarsus  sp. 
Pseudochironomus  sp. 
Tanytarsus  sp. 


13 

438 

9 

CG 

3 

l.Ol 

8 

CG 

1 

0.34 

8 

sc 

9 

3.03 

8 

CG 

Total  Misc.  Ta.\a 

26 

8.75 

Enallagma  sp 

6 

202 

9 

PR 

Total  Odonata 

6 

2.02 

Caenis  sp. 

112 

37.71 

7 

CG 

Total  Epbemeroptera 

112 

37.71 

Corixidae  -  immature 

0.34 

8 

UN 

Total  Hemiptera 

034 

Sialis  sp. 

1.35 

4 

PR 

Total  Megaloptera 

1.35 

llhvlnchia  sp. 

0.34 

6 

SC 

Total  Trichqp^tera 

0.34 

Duhiraphia  sp 
Hvdrophilidac  -  larvae 

6 

3 

2.02 
1.01 

6 

5 

CG 

PR 

Total  Coleoptera 

9 

3.03 

C  cratopogoninae 

Sim  nil  um  sp 

1 
30 

0.34 
10  10 

6 
6 

PR 
CF 

Total  Diptera 

31 

10.44 

1 

5 
4 
3 

14 
3 

72 
2 
3 


0.34 
1.68 
1.35 
1  01 
471 
1.01 
2424 
0.67 
1.01 


8 

CG 

7 

CG 

7 

CG 

7 

CG 

8 

CG 

10 

PR 

6 

UN 

5 

CG 

6 

CF 

Total  Chlronomidae 


107 


36.03 


Grand  Total 


297 


100.00 


Aquatic  Invertebrate  Summar\  Data 


Site  Name:  O'Fallon  Creek  at  Willard  Cros»ing 

TOTAL  ABUNDANCE  297 

Ephemeroptera  +  Plecoptera  + 

Tnchoptera  (EPT)  abundance  1 13 

TOTAL  NUMBER  OF  TAXA  22 

Number  EPT  taxa  2 

TAXONOMIC  GROUP  COMPOSITION 


Site  ID:  Willard  Crossing 


GROUP 

Misc  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chirononudae 


#TAXA       ABUNDAN  PERCENT 


4 

26 

8.75 

1 

6 

2.02 

1 

112 

37.71 

0 

0 

0.00 

1 

1 

0.34 

1 

4 

1.35 

1 

1 

0.34 

0 

0 

0.00 

2 

9 

3.03 

2 

31 

10.44 

9 

107 

36.03 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Caenis  sp 

Paralanytarsus  sp 

Stmutium  sp 

Dicrotendipes  sp 

Limnodntus  sp 

SUBTOTAL  5  DOMINANTS 

Hyalella  azteca 

Enatlagma  sp. 

Dubiraphia  sp. 

Corynoneura  sp 

Sialis  sp. 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenholT  Biotic  Inde.\ 


ICE 

PERCENT 

112 

3771 

72 

24.24 

30 

1010 

14 

4  71 

13 

438 

241 

81.14 

9 

3.03 

6 

2.02 

6 

2.02 

5 

1.68 

4 

1.35 

271 

91  25 

6.80 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
E  PT/C  hironomidae 


1.06 


FUNCTIONAL  FEEDING  GROUT  (FFG)  COMPOSITION 


GROUP 

Predator 

Parasite 

Collector-gatherer 

CoUector-filterer 

Macroph>1e-heTbi  vore 

Piercer-herbivore 

Scraper 

Shredder 

Xylophage 

Omni  vore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/ColIector-filterer 
Scraper/(  Scraper  +  C.filterer) 
ShredderAFotal  organisms 


ttJAXA       ABUNDAN  PERCENT 


5 

17 

5  72 

0 

0 

0.00 

1 

172 

57,91 

2 

33 

11.11 

0 

0 

0.00 

0 

0 

0.00 

2 

2 

.0.67 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

2 

73 

24.58 

0.06 
0.06 
0.00 

DP/ERSFTY  MEASURES 
Shannon  Fl  (loge) 
Shaimon  FI  (log2) 
Evenness 
Smipson  D 


1.66 
2.39 
0.54 
0.17 


COMMUNITY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE   PERCENT 

Multivoltme  81  27.27 

Univoltine  207  69.70 

Semivoltine  9  3.03 


Tolerant 

Intolerant 

Clmger 


#TAXA        ABUNDANCE  PERCENT 
7  149  50.17 

0  0  0.00 

5  4''  15  82 


Aquatic  Invertebrate  Taionomic  Data 


She  Name:  O'Fallon  Creek 

Site  ID:  AF-3 

Taxon 


Approx.  perccnl  of  sample  used   47 
Quantity  Percent 


HBI 


FFG 


.\ais  variabilis 
Physidae 

Hyalella  azteca 
Acari 


Cheumatopsyche  sp. 
Hydropsyche  sp. 
Hydroptila  sp 
Ithylrichia  sp 


Cncotopus  (Isocladiu-s)  Gr 

Cnptochironomus  sp 
Cnpioiendipes  sp 
Dicrolendipes  sp 
Paratany tarsus  sp 
Pseudochironomus  sp 
Suclochironomus  sp. 
Thienemanmmvia  Gr 


5 

1.68 

8 

CG 

6 

202 

8 

CG 

1 

034 

8 

CG 

10 

3.37 

5 

PA 

Total  Misc.  Taia 

22 

7.41 

En  a  I  la  gm  a  sp. 

3 

1.01 

9 

PR 

Total  Odonata 

3 

1.01 

Caenis  sp. 

79 

26.60 

7 

CG 

Total  Ephemeroptera 

79 

26.60 

10 

3.37 

8 

CF 

1 

0.34 

4 

CF 

1 

0.34 

6 

PH 

■) 

0.67 

6 

SC 

Total  Trichoptera 

14 

4.71 

Duhiraphia  sp 

-) 

0.67 

6 

CG 

Total  Coleoptera 

2 

0.67 

Ceratopogoninae 
Simtilium  sp. 

1 
23 

0.34 
7.74 

6 
6 

PR 
CF 

Total  Diptera 

24 

8.08 

13 
2 

T 

30 
46 

2 
55 


4.38 

0.67 

0.67 

10.10 

15.49 

0.67 

18.52 

1.01 


7 

CG 

8 

PR 

6 

UN 

8 

CG 

6 

UN 

5 

CG 

9 

CG 

6 

PR 

Total  Chironomidae 


153 


51.52 


Grand  Total 


297 


100.00 


Aquatic  Invertebrate  Summary  Data 


Site  Name:  O' Fallon  Creek 


Site  ID:  AF-3 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


297 

93 

21 
5 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hermptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Ehptera 

Chironormdac 


#TAXA       ABUNDAN  PERCENT 


4 

22 

7.41 

1 

3 

1.01 

1 

79 

26.60 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0,00 

4 

14 

4.71 

0 

0 

0.00 

1 

2 

0.67 

2 

24 

8  08 

8 

153 

51  52 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Caenis  sp 

Stictochironomus  sp 

Paratanytarsus  sp 

Dicrotendipes  sp 

Simulium  sp 

SUBTOTAL  5  DOMINANTS 

Cricotopus  (Isocladius)  Gr 

Acari 

Cheumatopsyche  sp. 

Physidae 

Nais  variabilis 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhofFBiotic  Index 


CE  ; 

PERCENT 

79 

2660 

55 

18.52 

46 

15.49 

30 

10.10 

23 

7.74 

233 

78.45 

13 

4.38 

10 

3.37 

10 

3.37 

6 

2.02 

5 

1.68 

277 

9326 

7.21 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironormdae 


0.61 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 

GROUP  #TAXA       ABUNDAN  PERCENT 

Predator 

Parasite 

Collector-gatherer 

Collector-filterer 

Macrophvte-herbivore 

Piercer-herbivore 

Scraper 

Shredder 

Xylophage 

Omnivore 

Unknown 

RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scraper/(  Scraper  +  C.filterer) 
Shredder/Total  orgamsms 


4 

9 

3  03 

I 

10 

3,37 

9 

193 

64.98 

3 

34 

11.45 

0 

0 

0.00 

1 

1 

0.34 

1 

2 

0.67 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

2 

48 

16.16 

0.06 
0.06 
0.00 

DP/ERSFTY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Simpson  D 


1.88 
2.71 
0.62 
0.13 


COMMUNFTY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE  PERCENT 

Multivoltine  130  43.69 

Umvoltine  165  55.64 

Semivoltine  2  0.67 


Tolerant 

Intolerant 

Clmger 


#TAXA        ABUNDANCE  PERCENT 

11  190  63.97 

0  0  0.00 

7  52  17,51 


Aquatic  Invertebrate  Taxonomic  Data 


Site  Name:  O'Fallon  Creek 

Site  ID:  AF-5 

Taxon 


Cncotopus  (Isocladius)  Gr. 

Cncutopus  hrevipalpus 
Dicrulendipes  sp 
Endochironoinus  sp. 
Pciralanvlarsus  sp 
Pulypedilum  sp 
Pseudochironomus  sp. 
Tanvlarsus  sp. 
Thiencmaimimvia  Gr 


ApproX-  percent  of  sample  used:  100 
Quantity  Percent 


14 
2 

19 
1 

11 
1 
8 
9 


5.22 
0.75 
7.09 
0.37 
4.10 
0.37 
299 
3  36 


HBI 


FFG 


Acari 

24 

8.96 

5 

PA 

Total  Misc.  Taxa 

24 

8.96 

Enallagma  sp 

11 

4  10 

9 

PR 

Total  Odonata 

11 

4.10 

Caenis  sp 

56 

2090 

7 

CO 

Total  Epbemerop^tera 

56 

20.90 

Si  gar  a  sp 
Ambrysus  sp. 

1 

1 

0.37 
0.37 

8 
11 

PH 
PR 

Total  Hemiptera 

2 

0.75 

Sialis  sp 

1 

0.37 

4 

PR 

Total  Megaioptera 

1 

0.37 

Cheumatopsyche  sp. 

4 

1  49 

8 

CF 

Total  Trichoptera 

4 

1.49 

Duhiraphia  sp. 

H> drophilidae  -  larvae 

-1 
1 

075 
0.37 

6 

5 

CG 
PR 

Total  Coleoptera 

3 

1.12 

Ccratopogoninae 

Swiuliuni  sp. 

11 
88 

4  10 
32.84 

6 
6 

PR 
CF 

Total  Diptera 

99 

36.94 

7 

CG 

7 

CG 

8 

CG 

10 

CG 

6 

UN 

6 

OM 

5 

CG 

6 

CF 

6 

PR 

Total  CbiroDomidae 


68 


25.37 


Grand  Total 


268 


100.00 


Aquatic  Invertebrate  Summary  Data 


Site  Name:  O'Failon  Creek 


Site  ID:  AF-5 


268 

60 

20 

2 


TOTAL  ABUNDANCE 

Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONONDC  GROUP  COMPOSITION 

GROUP  #TAXA       ABUNDAN  PERCENT 

Misc  Taxa  1 

Odonata  1 

Ephemeroptera  1 

Plecoptera  0 

Hemiptera  2 

Megaloptera  1 

Tnchoptera  1 

Lepidoptera  0 

Coleoptera  2 

Diptera  2 

Chironomidae  9 


24 

896 

11 

4.10 

56 

20.90 

0 

0.00 

2 

0.75 

1 

0.37 

4 

L49 

0 

0.00 

3 

L12 

99 

36  94 

68 

25,37 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Simulium  sp. 

Caenis  sp 

Acari 

Dicrotendipes  sp 

Cricotopus  (Isocladius)  Gr 

SUBTOTAL  5  DOMINANTS 

Enaltagma  sp 

Ceratopogoninae 

Paratanytarsus  sp. 

Tanytarsus  sp. 

Pseudochironomus  sp. 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhotT  Biotic  Index 


ICE 

PERCENT 

88 

32.84 

56 

20.90 

24 

8.% 

19 

7.09 

14 

5.22 

201 

75.00 

11 

4.10 

11 

4.10 

11 

4.10 

9 

3.36 

8 

2.99 

251 

9365 

6.47 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


088 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSmON 


GROUP 

Predator 

Parasite 

CoUector-gatherer 

Collector-filterer 

Macrophvle-herbivore 

Piercer-herbivore 

Scraf>eT 

Shredder 

Xylophage 

Omnivore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scraper/(  Scraper  +  C  Qlterer) 
ShredderATotal  orgamsms 


#TAXA       ABUND.AN  PERCENT 


6 

28 

10.45 

1 

24 

8.96 

7 

102 

38.06 

3 

101 

37.69 

0 

0 

0.00 

1 

1 

0.37 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

1 

1 

0.37 

1 

11 

4.10 

000 
0.00 
000 

DrVERSFFY  MEASURES 
Shannon  H  (loge) 
Shannon  H  ( log2 ) 
Evenness 
Simpson  D 


1.80 
2.59 
0.60 
0.14 


COMMUNFFY  VOLTINISM  ANAI.YSIS 
TYPE  ABUNDANCE   PERCENT 

Multjvoltme  76  28  36 

Univoltme  189  70.52 

Semivollme  3  1.12 


Tolerant 

Intolerant 

CUnger 


#TAXA        ABUNDANCE  PERCENT 
5  82  30.60 

0  0  0.00 

7  120  44.78 


Aquatic  Invertebrate  Taxonomic  Data 


She  Name:  O'Fallon  Creek 

Site  ID:  BF-8 

Taion 


Approx  percent  of  sample  used  40 
Quantity  Percent 


HBI 


FFG 


\ais  vanahilis 
Physidae 
Ihalella  azteca 
A  can 


538 
0.32 
1.27 

0.32 


8 
8 
8 

5 


CG 
CG 
CG 

PA 


Total  Misc.  Taxa 


23 


7.28 


Calhbaetis  sp. 
Fallceon  quilleri 
Caen  is  sp. 
Leucrocula  sp. 
Choroterpes  sp. 
Is  onychia  sp. 


C ladotanytarsus  sp. 
Cricotopus  (Isocladius)  Gr. 
Dicrutendipes  sp. 
Labnindinia  sp. 
Paratanytarsus  sp. 
Pseudochironomus  sp. 
Tony  tarsus  sp 
Thienemannimvia  Gt. 


1 
3 
4 

4 
1 

2 


0.32 
0.95 
1.27 
1.27 
0.32 
0.63 


1 
62 
2 
1 
18 
4 
7 
3 


0.32 
19.62 
0.63 
0.32 
5.70 
1.27 
2.22 
0.95 


9 
4 

7 
2 

7 
2 


CG 
CG 
CG 
SC 
CG 
CF 


Total  Ephemeroptera 

15 

4.75 

Ambrysus  sp. 

7 

2.22 

11 

PR 

Total  Hemiptera 

7 

2.22 

Si  alls  sp 

2 

0.63 

4 

PR 

Total  Megaloptera 

2 

0.63 

Cheiimatopsyche  sp. 
Hydropsyche  sp. 
Ilhvtrichia  sp. 

79 
24 
36 

25.00 

7.59 

11  39 

8 
4 

6 

CF 
CF 

SC 

Total  Trichoptera 

139 

43.99 

Dubiraphia  sp 
Troptstemus  sp 

5 

1 

1  58 

0.32 

6 

5 

CG 
PR 

Total  Coleoptera 

6 

1.90 

Ceratopogoninae 
Sintulium  sp. 

1 

25 

0.32 
7.91 

6 
6 

PR 
CF 

Total  Diptera 

26 

8.23 

7 

CG 

7 

CG 

8 

CG 

7 

PR 

6 

UN 

5 

CG 

6 

CF 

6 

PR 

Total  Chironomidae 


98 


31.01 


Grand  Total 


316 


100.00 


Aquatic  Invertebrate  Summan  Data 


Site  Name:  O' Fallon  Civeli 


Site  ID:  BF-8 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


316 

154 

27 
9 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chironormdae 


#TAXA       ABUNDAN  PERCENT 


4 

23 

7.28 

0 

0 

0.00 

6 

15 

4.75 

0 

0 

000 

1 

7 

2.22 

1 

2 

0.63 

3 

139 

4399 

0 

0 

0,00 

2 

6 

1  90 

2 

26 

823 

g 

98 

31.01 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Cheumatopsyche  sp 

Cncotopus  (Isocladius)  Gr 

Ithytrichia  sp 

Simulium  sp 

Hydropsyche  sp 

SUBTOTAL  5  DOMINANTS 

Paratanytarsus  sp 

Nais  variabilis 

.Ambrysus  sp. 

Tarry  tarsus  sp 

Duhiraphia  sp 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhotTBiotic  Index 


ICE 

PERCENT 

79 

2500 

62 

19  62 

36 

11  39 

25 

7.91 

24 

7.59 

226 

71.52 

18 

5.70 

17 

5.38 

7 

2.22 

7 

2.22 

5 

1.58 

280 

88  61 

6.71 


RATIOS  OF  TAX  GROUP  >\BUNDANCES 
E  PT/C  hirononudae 


1.57 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 


GROUP                          STAX.A 

ABUNDAN  PERCENT 

Predator 

6 

15 

4.75 

Parasite 

1 

1 

0.32 

Collector-gatherer 

12 

105 

33.23 

Collector-filter  er 

5 

137 

43.35 

Macrophvte-herbivore 

0 

0 

0.00 

Piercer-herbivore 

0 

0 

0.00 

Scraper 

2 

40 

12.66 

Shredder 

0 

0 

0.00 

Xylophage 

0 

0 

0.00 

Omnivore 

0 

0 

0.00 

Unknown 

1 

18 

5.70 

RATIOS  OF  FFG  ABUNDANCES 

Scraper/CoUector-filterer 

029 

Scraper/( Scraper  +  C  filterer) 

023 

Shredder/Total  organisms 

0.00 

DP/ERSITY  MEASURES 
Shannon  H(loge) 
Shannon  H(log2) 
Evenness 
Simpson  D 


2.05 
2.96 
0.62 
0.11 


COMMUNITY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE  PERCENT 

Multivoltine  130  41.22 

Umvoltme  180  56.88 

Semivoltine  6  1.90 


Tolerant 

Intolerant 

Clmger 


#TAXA        ABUNDANCE   PERCENT 
9  134  42  41 

0  0  0.00 

8  242  76.58 


Aquatic  Invertebrate  Taxonomic  Data 


Site  Name:  O'Falion  Creek 

Site  ID:  BF-16 

Taion 


Approx.  [WTcenI  of  sample  used   27 
Quantity  Percent 


HBI 


FFG 


Turbcllana 

Limnodrilus  sp. 

Aulodnlus  pigueli 

Lampsilis  sp. 

Physidae 

H\  alella  azteca 

A  can 


Briichvcentnis  occiJenlalis 
Cheumatopsyche  sp 
Hydropsyche  sp. 
Hvdroptila  sp. 
Ithytrichta  sp. 


Endochironomus  sp. 
Paratanylarsus  sp. 
Polypedilum  sp. 
Tanytarsus  sp. 
Thienemannimyia  Gt. 


1 

0.31 

4 

CG 

19 

5.96 

9 

CG 

5 

1.57 

9 

CG 

1 

0.31 

6 

CF 

17 

5.33 

8 

CG 

11 

3.45 

8 

CG 

1 

0.31 

5 

PA 

Total  Misc.  Taxa 

55 

17.24 

Caenis  sp. 
Leucrocuia  sp. 
Isonychia  sp. 

1 
1 

4 

0.31 
0.31 
1.25 

7 
2 

2 

CG 
SC 

CF 

Total  Ephemeroptera 

6 

1.88 

Corvddae  -  immature 
Sigara  sp 
Amhrysus  sp 

1 
I 

0.31 
0.31 
094 

8 
8 

11 

LfN 
PH 
PR 

Total  Hemiptera 

5 

1.57 

Si  alls  sp. 

1 

0.31 

4 

PR 

Total  Megaloptera 

1 

0.31 

9 

2.82 

1 

OM 

88 

27.59 

8 

CF 

60 

18.81 

4 

CF 

51 

15.99 

6 

PH 

14 

4.39 

6 

SC 

Total  Trichoptera 

222 

69.59 

Helichus  sp 
Dubiraphta  sp 

1 
2 

0  31 
0.63 

5 
6 

SH 
CG 

Total  Coleoptera 

3 

0.94 

Simulium  sp 

4 

1.25 

6 

CF 

Total  Diptera 

4 

1.25 

1 

12 
8 
1 
1 


0.31 
3.76 
2.51 
0.31 
0.31 


10 

CG 

6 

UN 

6 

OM 

6 

CF 

6 

PR 

Total  Chironomidae 


23 


7.21 


Grand  Total 


319 


100.00 


Aquatic  Invertebrate  Summan'  Data 


Site  Name:  O'Fallon  Creek 


Site  ID:  BF-16 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


319 

228 

27 
8 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coieoptera 

Diptera 

Chironomidae 


#TAXA       ABUNDAN  PERCENT 


7 

55 

17,24 

0 

0 

0.00 

3 

6 

1.88 

0 

0 

0.00 

3 

5 

1  57 

1 

1 

0.31 

5 

222 

69.59 

0 

0 

0.00 

2 

3 

0.94 

1 

4 

1  25 

5 

23 

721 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Cbeumatopsyche  sp 

Hydropsydie  sp 

Hyilropula  sp 

Ltmnodnlus  sp 

Physidae 

SUB-TOTAL  5  DOMINANTS 

Ithytrichia  sp 

Paratanytarsus  sp 

Hyalella  azteca 

Brachycentrus  occidentalis 

Polypedilum  sp 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Hilsenhoff  Biotic  Index 


ICE 

PERCENT 

88 

27.59 

60 

18.81 

51 

15.99 

19 

5.96 

17 

5.33 

235 

27.59 

14 

4.39 

12 

3.76 

11 

3.45 

9 

2.82 

8 

2.51 

289 

44.52 

6.43 


R.ATIOS  OF  TAX  GROUP  ABUNDANCES 
EPT/Chironomidae 


991 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collector-filter  er 

Macrophyte-herbivore 

Piercer-herbivore 

Scraper 

Shredder 

Xylophage 

Omnivore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/Collector-filterer 
Scraper/(  Scraper  +  C.Glterer) 
Shredder/Total  orgamsms 


#TAXA       ABUNDAN  PERCENT 


3 

5 

1  57 

1 

1 

0,31 

8 

57 

17.87 

6 

158 

49.53 

0 

0 

0.00 

2 

52 

16.30 

2 

15 

4.70 

1 

1 

031 

0 

0 

0.00 

2 

17 

5.33 

2 

13 

4.08 

009 
009 
0.00 

DP/ERSFTY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2j 
Evenness 
Simpson  D 


1.96 
2.83 
0.60 
0.13 


COMMUNTTY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE  PERCENT 

Multivoltme  105  32  92 

Umvoltine  201  63.01 

Semivoltine  13  4.08 


Tolerant 

Intolerant 

dinger 


#TAXA        ABUNDANCE  PERCENT 

8  186  58.31 

0  0  0.00 

10  238  74.61 


Aquatic  Invertebrate  Taxonomic  Data 


Site  Name:  Sandstone  Cre«k,  Leibee  Bridge 

Site  ID:  AS-2 

Taxon 


Approx.  percent  of  sample  used  87 
Quantity  Percent 


HBI 


FFG 


.\'ais  variabilis 
Ltmnodrilus  sp 
Phvsidae 

Hvalella  azieca 


Chironomus  sp. 
Cricotopus  Bicinctus  Gr 
Cncotopus  (Isocladius)  Crr 

Cncolopiis  brevipalpus 
DicrolenJipes  sp 
Endochiionomus  sp 
Parachironomus  sp 
Paralanvtarsus  sp. 
Polvpedilum  sp 


1 

0.32 

8 

CG 

1 

0.32 

9 

CO 

2 

3  86 

8 

CG 

J 

096 

8 

CG 

Total  Misc.  Taxa 

17 

5.47 

Gomphus  sp 
Enallagma  sp 

1 
1 

0.32 
0.32 

5 
9 

PR 
PR 

Total  Odonata 

2 

0.64 

Calhbaelis  sp. 
Caenis  sp. 

I 

2 

0.32 
0.64 

9 

7 

CG 
CG 

Total  Ephemeroptera 

3 

0.96 

Ithvtnchia  sp. 

1 

032 

6 

SC 

Total  Trichoptera 

1 

0.32 

Duhiraphia  sp. 

14 

4.50 

6 

CG 

Total  Coleoptera 

14 

4.50 

Ccratopogoninae 

2 

0.64 

6 

PR 

Total  Diptera 

2 

0.64 

2 
1 
5 
2 
7 
1 
1 
251 
1 


0.64 
0.32 
161 
0.64 
2.25 
0.32 
0.32 
80.71 
0.64 


10 

CG 

7 

CG 

7 

CG 

7 

CG 

8 

CG 

10 

CG 

10 

PR 

6 

UN 

6 

OM 

Total  Chironomidae 


272 


87.46 


Grand  Total 


311 


100.00 


Aquatic  Invertebrate  Suramarv  Data 


Site  Name:  Sanditone  Creek,  Leibee  Bridge 

TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


Site  ID.  AS-2 


311 

4 

20 
3 


GROUP 

Misc.  Ta,\a 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chironomidae 


#TAXA        ABUNDAN  PERCENT 


4 

17 

5,47 

2 

2 

0.64 

2 

3 

0.96 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

1 

1 

0.32 

0 

0 

0.00 

1 

14 

4.50 

1 

2 

0.64 

9 

272 

87.46 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Paratanytarsus  sp 

Dubiraphia  sp 

Physidae 

Dicrotendipes  sp 

Cncotopus  (Isocladius)  Gr 

SUBTOTAL  5  DOMINANTS 

Hyalella  azteca 

Caeiiis  sp 

Ceratopogoninae 

Chironomus  sp 

Cncotopus  brevipalpus 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Flilsenhoff  Biotic  Index 


ICE 

PERCENT 

251 

80.71 

14 

4.50 

12 

386 

7 

2.25 

5 

1  61 

289 

92.93 

3 

0.96 

2 

0.64 

2 

0.64 

2 

0.64 

2 

0.64 

300 

96  46 

6.26 


R.ATIOS  OF  TAX  GROUT'  /\BUND/\NCES 
E  PT/C  hironorm  dae 


0.01 


FUNCTION.AL  FEEDING  GROUP  (FFGi  COMPOSITION 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collector-filterer 

Macrophvte-herbi  vore 

Piercer-herbivorc 

Scraper 

Shredder 

Xylophage 

Omnivore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scraper/(  Scraper  +  C.filterer) 
Shredder/Tolal  orgamsms 


#T.AXA       ABLfND.AN  PERCENT 


4 

5 

1,61 

0 

0 

000 

13 

52 

16,72 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

1 

1 

0.32 

0    • 

0 

0.00 

0 

0 

0.00 

1 

2 

0.64 

1 
s 

251 

80.71 

#DIV/0! 
1.00 
0.00 

DP/ERSFFY  MEASURES 
Shannon  H  (loge) 
Shannon  FI  ( log2 ) 
Evenness 
Simpson  D 


0.60 
0.87 
020 
0.52 


COMMUNTFY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE   PERCENT 

Multivoltme  206  66.08 

Umvoltme  91  29.10 

Seimvoltme  15  4.82 


Tolerant 

Intolerant 

Clmger 


#TAXA        ABUNDANCE  PERCENT 
8  44  14  15 

0  0  0.00 

6  25  8.04 


Aquatic  Invertebrate  Taionomic  Data 


Site  Name:  Sandstone  Creek 

Site  n):  AS-5 

Taxon 


Approx.  perceni  of  sample  used  47 
Quantity  Percent 


HBI 


FFG 


\ais  variabilis 
Limnodrilus  hojfmeisten 
Femssia  sp 
Physidae 
Hyalella  azleca 
Ac  an 


Ablabesmvia  sp, 
Chironomus  sp. 
Cnoolopus  (Isocladius)  Gr 
C nplochironomus  sp 
Dicrolendipes  sp 
Endochironomus  sp. 
Puralan\  tarsus  sp 
Thienemanniella  sp. 


4 

1.27 

8 

CG 

9 

286 

9 

CG 

1 

0.32 

6 

SC 

1 

0.32 

8 

CG 

1 

0.32 

8 

CG 

3 

0.95 

5 

PA 

Total  Misc.  Taxa 

19 

6.03 

Enallagma  sp. 

1 

0.32 

9 

PR 

Total  Odonata 

1 

0.32 

Caen  is  sp 

19 

6.03 

7 

CG 

Total  Ephemeroptera 

19 

6.03 

Duhiraphia  sp 

2 

0.63 

6 

CG 

Total  Coleoptera 

2 

0.63 

Ceratopogoninae 

Simulium  .sp 

210 

0.95 
66.67 

6 
6 

PR 
CF 

Total  Diptera 

213 

67.62 

1 

2 
24 
1 
25 
6 
1 
1 


0.32 
0.63 
7.62 
0.32 
7.94 
1.90 
0.32 
0.32 


8 

CG 

10 

CG 

7 

CG 

8 

PR 

8 

CG 

10 

CG 

6 

UN 

6 

CG 

Total  Chironomidae 


61 


19.37 


Grand  Total 


315 


100.00 


Aquatic  Invertebrate  Summary  Data 


Site  Name:  Sandstone  Creek 


Site  n>:  AS-5 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


315 

19 

19 
1 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Trichoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chironomidae 


#TAXA        ABUNDAN  PERCENT 


6 

19 

6.03 

1 

1 

0.32 

1 

19 

6.03 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0,00 

1 

2 

0.63 

2 

213 

67.62 

8 

61 

19.37 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Simulium  sp 

DicroteiuJipes  sp 

Cricotopus  (Isocladius)  Gr 

Caenis  sp 

Limnodritus  hojfmeisteri 

SUB-TOTAL  5  DOMINAN"rS 

Endochironomus  sp 

}i'ais  variabilis 

Acari 

C  eratopogoninae 

Ehjbirajjhia  sp 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhofTBiotic  Index 


[CE 

PERCENT 

210 

66.67 

25 

7.94 

24 

7.62 

19 

603 

9 

286 

287 

91.11 

6 

1  90 

4 

1.27 

3 

0.95 

3 

0.95 

2 

063 

18 

571 

6  53 


RATIOS  OF  TAX  GROUP  ABU'NDANCES 
EPT/C  hiionomidae 


0.31 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 
GROUP  #TAXA        ABUNDAN  PERCENT 


Predator 

3 

5 

1.59 

Parasite 

1 

3 

095 

Collector-gatherer 

12 

95 

30.16 

Collector-Qlterer 

1 

210 

66.67 

Macrophyle-herbi  vore 

0 

0 

0.00 

Piercer-herbivore 

0 

0 

0.00 

Scraper 

1 

1 

0.32 

Shredder 

0 

0 

0.00 

Xylophage 

0 

0 

0.00 

Omni  vore 

0 

0 

0.00 

Unknown 

1 

1 

0.32 

RATIOS  OF  FFG  ABUNDANCES 

Scraper/Collector-filterer 

0.00 

Scraper/(  Scraper  +  C.filterer) 

0.00 

Shredder/Total  orgamsms 

0.00 

DIVERSITY  MEASURES 
Shannon  H  (logej 
Shannon  H  (log2 ) 
Evenness 
Simpson  D 


1  37 
I  97 
0.46 
046 


COMMUNTTY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE   PERCENT 

MulUvoltme  49  15  48 

Univoltme  264  83.89 

Semivoltme  2  0.63 


Tolerant 

Intolerant 

Clmger 


#TAXA        ABUNDANCE   PERCENT 
9  58  1841 

0  0  0.00 

3  236  7492 


Aquatic  Invertebrate  Taxonomic  Data 

Site  Name:  Sandstone  Creek,  Bill  Bickle  bridge  near  state  section 

Site  ED:  CF-1 1  Appro.x.  percent  of  sample  used  23 

Taion Quantity  Percent HBI  FFG 

Nematoda 

Xais  variabilis 
Limnodnlus  sp. 
Hvalella  azteca 


1 

0.32 

5 

PA 

4 

1.29 

8 

CG 

4 

1.29 

9 

CG 

^^ 

097 

8 

CG 

Total  Misc.  Taxa 

12 

3.88 

Enallagma  sp 

4 

1.29 

9 

PR 

Total  Odonata 

4 

1.29 

Caen  is  sp. 

83 

26.86 

7 

CG 

Total  Ephemeroptera 

83 

26.86 

Hydropsyche  sp. 

1 

0.32 

4 

CF 

Total  Trichoptera 

1 

0.32 

Dubiraphia  sp. 

5 

1  62 

6 

CG 

Total  Coleoptera 

5 

1.62 

Ceratopogomnae 
Simulium  sp 
Si  rat  I  amy  s  sp. 

10 
38 

1 

3.24 

1230 

0.32 

6 
6 
8 

PR 
CF 
CG 

Total  Diptera 

49 

15.86 

Cncotopas  (IsocIadiiLs)  Gr  111  35  92 

(.'rxptochironomus  sp.  1  0  32 

Dicrotendipes  sp  2  0.65 

Pseiidochirononnis  sp  12  3.88 

Tainlarsus  sp,  27  8.74 

Thienemaiminiv  la  Gr 2 0  65 

Total  Chironomidae 155 50.16 

Grand  Total  309  100.00 


7 

CG 

8 

PR 

8 

CG 

5 

CG 

6 

CF 

6 

PR 

Aquatic  Invertebrate  Summary  Data 


Site  Name:  Sandstone  Creek,  Bill  Bickle  bridge  near  state  section 

309 

84 


Site  ID:  CF-1 1 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 


17 
2 


TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 

GROUP  #TAXA       ABUNDAN  PERCENT 

Misc.  Taxa  4 

Odonata  1 

Ephemeroptera  1 

Plecoptera  0 

Hemiptera  0 

Megaloptera  0 

Tnchoptera  1 

Lepidoptera  0 

Coleoptera  1 

Diptera  3 

Chironoimdae  6 


12 

3.88 

4 

1.29 

83 

26.86 

0 

0.00 

0 

0.00 

0 

0.00 

1 

0.32 

0 

0.00 

5 

1.62 

49 

15.86 

55 

50.16 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Cncotopus  (Isocladius)  Gr 

Caenis  sp 

Simulium  sp 

Tanytarsus  sp 

Psevdochironomus  sp. 

SUBTOTAL  5  DOMINANTS 

Ceratopogoninae 

Dubiraphia  sp. 

Nais  variabilis 

Limnodrilus  sp. 

Hyjillela  azteca 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhoffBiotic  Index 


ICE 

PERCENT 

111 

35.92 

83 

26.86 

38 

12.30 

27 

8.74 

12 

388 

271 

87.70 

10 

3.24 

5 

1.62 

4 

1.29 

4 

1.29 

3 

0.97 

297 

96  11 

6.73 


R.ATIOS  OF  TAX  GROLIP  /ABUNDANCES 
E  PT/C  hironormdae 


0.54 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSITION 


GROUP 

Predator 

Parasite 

CoUector-gatherer 

CoUector-QIterer 

Macrophvle-herbivore 

Piercer-herbivore 

Scraper 

Shredder 

Xylophage 

Omnivore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scraper/(Scraper  +  C.filterer) 
Shredder/Total  organisms 


#TAXA       ABUNDAN  PERCENT 


4 

17 

5.50 

1 

1 

0.32 

9 

225 

72.82 

3 

66 

21.36 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0.00 
0.00 
0.00 

DFVERSm'  MEASURES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Simpson  D 


1,49 
2  15 
0,53 
0  19 


COMMUNTFY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE   PERCENT 

MulUvoltme  118  38,03 

Univoltine  187  60.36 

Semivolline  5  1 .62 


#TAXA  ABUNDANCE  PERCENT 

Tolerant  6                      95           30  74 

Intolerant  0                        0             0,00 

Clmger  5                     182           58  90 


Aquatic  Invertebrate  Taxonomic  Data 


Site  Name:  South  Sandstone  Creek,  about  1000  ft  from  mouth 

Site  ID:  SS-3 

Taxon 


.  South  of  Plevna. 

Approx.  percent  of  sample  used   100 
Quantity  Percent 


HBI 


FFG 


Limnodnlus  sp 
Fossana  sp 
Physidae 
G\raiilus  sp 
Cladocera 
Hvalella  azieca 


3 

1.12 

9 

CG 

18 

6.74 

6 

CG 

77 

6629 

8 

CG 

3 

1.12 

8 

SC 

1 

0.37 

8 

CF 

8 

3.00 

8 

CG 

Total  Misc.  Taia 

210 

78.65 

Libellula  sp. 
Enallagma  sp. 
testes  sp. 

2 

5 

11 

0.75 
1.87 
4.12 

9 
9 
9 

PR 
PR 
PR 

Total  Odonata 

18 

6.74 

Callibaelis  sp. 

1 

0.37 

9 

CG 

Total  Ephemero^tera 

1 

0.37 

Hvdropsvche  sp 

1 

0.37 

4 

CF 

Total  Trichoptera 

1 

0.37 

Hvgrotus  sp 
Dubiraphia  sp. 
Haltplus  sp. 
Berosus  sp 


1 

0.37 

5 

PR 

28 

1049 

6 

CG 

3 

1.12 

5 

MM 

1 

0.37 

5 

PR 

Total  Coleoptera 

33 

12.36 

Culiseta  sp 

1 

0.37 

8 

CG 

Total  Diptera 

1 

0.37 

Cncotopus  (Isocladiu.s)  Or. 
Dicrotendipes  sp 

1 
2 

0.37 
0.75 

7 
8 

CG 
CG 

Total  Chironomidae 

3 

1.12 

Grand  Total 


267 


100.00 


Aquatic  Invertebrate  Suinmar\'  Data 


Site  Name:  South  Sandstone  Creek,  about  1000  ft  from  mouth.  South  of  Plevna. 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EFT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  ta\a 

TAXONOMIC  GROUP  COMPOSITION 


267 

2 

18 
2 


GROUP 

Misc.  Ta.xa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chironomidae 


#TAXA       ABUNDAK  PERCENT 


6 

210 

78.65 

3 

18 

6.74 

1 

1 

0.37 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

1 

1 

0.37 

0 

0 

0.00 

4 

33 

12.36 

1 

1 

0,37 

2 

3 

1-12 

TAXON 

Physidae 

Dubiraphia  sp 

Fossaria  sp. 

testes  sp 

Hyalella  azteca 

SUB-TOTAL  5  DOMINANTS 

Enallagnta  sp 

Limnodrilus  sp 

Gyraulus  sp. 

Haliplus  sp. 

Libellula  sp. 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
Hilsenhoff  Biotic  Inde.x 


Site  ID:  SS-3 

^NTTAXA 

ABUNDANCE 

PERCENT 

177 

66.29 

28 

10.49 

18 

6.74 

11 

4.12 

8 

3.00 

242 

90.64 

5 

1.87 

3 

1.12 

3 

1.12 

3 

1.12 

2 

0.75 

16 

5.99 

7.66 


RATIOS  OF  TAX  GROUP  ABUNDANCES 
E  PT/C  hironomidae 


0.67 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSmON 


GROUP 

Predator 

Parasite 

Collector-gatherer 

CoUector-filterer 

Macrophvte-herbivore 

Piercer-herbivore 

Scraper 

Shredder 

Xylophage . 

Omnivore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-filterer 
Scraper/(Scraper  +  C  filterer) 
Shredder/Total  organisms 


#TAXA        ABUNDAN  PERCENT 


5 

20 

7.49 

0 

0 

0.00 

9 

239 

89.51 

2 

2 

0.75 

1 

3 

1.12 

0 

0 

0.00 

1 

3 

1  12 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

1.50 
0.60 
0.00 

DPv^RSrrY  MEASURES 
Shannon  H  (loge) 
Shannon  H  (logj;) 
Evenness 
Simpson  D 


1.01 
1.46 
0.35 
0.36 


COMMUNTTY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE  PERCENT 

Mullivoltme  4  1.59 

Umvoltme  228  85  30 

Semivoltme  35  13.11 


#TAXA  ABUNDANCE  PERCENT 

Tolerant  9                     243           91.01 

Intolerant  0                          0              0.00 

CImger  3                       30            1124 


Aquatic  Invertebrate  Taxonomk  Data 

Site  Name:  Pennel  Creek 

She  ED:  DF-6  Approx.  percent  of  sample  used:  7 

Taion Quantity  Percent HBI         FFG 

Enchytraeidae 

Sais  sp. 
Physidae 
Cladocera 
Acan 


1 

0.33 

4 

CG 

1 

0.33 

8 

CG 

5 

1.63 

8 

CG 

26 

8.50 

8 

CF 

1 

0.33 

5 

PA 

TotaJ  Misc.  Taxa 

34 

11.11 

Dytiscidae 
Berosus  sp. 

6 

1 

1.96 
0.33 

5 
5 

PR 
PR 

Total  Coleoptera 

7 

2.29 

Ablabesmyia  sp.  1  0.33 

Chironomus  sp  1  0.33 

Corynoneura  sp.  4  1.31 

Cricotopus  sp.  28  9  15 

Dicrolendipes  sp  2  0.65 

Endochironomus  sp.  3  0.98 

Microtendipes  sp.  73  23.86 

T any  tarsus  sp 153 50.00 

Total  Chironomidae 265 86.60 

Grand  Total  306  100.00 


8 

CG 

10 

CG 

7 

CG 

7 

CG 

8 

CG 

10 

CG 

6 

CG 

6 

CF 

Aquatic  Invertebrate  Summary  Data 


Site  Name:  Pennel  Creek 


Site  ED:  DF-6 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Tnchoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


306 
0 

15 

0 


GROUP 

Misc.  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Tnchoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chironomidae 


#TAXA       ABUNDAN  PERCENT 


5 

34 

11.11 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

000 

2 

7 

229 

0 

0 

0.00 

8 

265 

86  60 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Tanytarsus  sp 

Microtendipes  sp 

Cricotopus  sp 

Cladocera 

Dytiscidae 

SUBTOTAL  5  DOMINANTS 

Physidae 

Corynoneura  sp 

Endochironomus  sp 

Dicrotendipes  sp. 

Enchytraeidae 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenhofTBiotic  Index 


tCE 

PERCENT 

153 

50.00 

73 

23.86 

28 

9.15 

26 

8.50 

6 

1  96 

286 

93.46 

5 

1.63 

4 

1.31 

3 

0.98 

2 

0.65 

1 

0.33 

301 

98.37 

6.35 


R.ATIOS  OF  TAX  GROUP  ABUNDANCES 
EFT/Chuonomjdae 


0.00 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSFHON 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collector-Qlterer 

Macrophyte-herbivore 

Piercer-herbi  vore 

Scraper 

Shredder 

Xylophage 

Onmivore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/Coll  ector-filterer 
Scraper/CScraper  +  C.filterer) 
Shredder/Total  organisms 


#T.-VXA        ABUNDAN  PERCENT 


2 

7 

2.29 

1 

1 

0.33 

10 

119 

3889 

2 

179 

58.50 

0 

0 

000 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

.     0.00 

0 

0 

0.00 

0 

s 

0 

0.00 

0.00 
0.00 
0.00 

DIVERSFFY  ME-s^URES 
Shannon  H  (loge) 
Shannon  H  (log2) 
Evenness 
Simpson  D 


1.51 
2.18 
0.56 
#DrV/0! 


COMMUNITY  VOLTINISM  ANALYSIS 
TYPE  ABUNDANCE  PERCENT 

Multivoltine  226  73.77 

Umvoltme  73  23.94 

Semivoltine  '       7  2.29 


Tolerant 

Intolerant 

Clmger 


#TAXA        ABUNDANCE  PERCENT 
6  18  5.88 

0  0  0.00 

2  181  59.15 


Aquatic  Invertebrate  Taxonomic  Data 


Site  Name:  Pennel  Creek 
Site  ID:  DF-10 
TaxoD 


Appro.t  percent  of  sample  used   1 3 
Quantity  Percent 


Ablabesmyia  sp. 
Cncolopus  sp 
Dicrolendipes  sp. 
Paratanvtarsus  sp 
Polypedilum  sp. 
Tanvlarsus  sp 
nuencmanaimvia  Gr 


1 
15 

7 

13 

1 

8 

4 


0.30 
4.55 
2.12 
3.94 
0.30 
2.42 
1.21 


HBI 


FFG 


Physidae 

Hvalella  azteca 

4 

2 

1.21 
0.61 

8 
8 

CG 
CO 

Total  Miac.  Taxa 

6 

1.82 

Caenis  sp. 

17 

5.15 

7 

CG 

Total  Ephemeroptera 

17 

5.15 

Cori.\idae  -  immature 

I 

0.30 

8 

UN 

Total  Hemiptera 

1 

0.30 

Hydropsyche  sp. 
Hydroptila  sp. 

1 

1 

0.30 
0.30 

4 
6 

CF 
PH 

Total  Trichoptera 

2 

0.61 

Peltodytes  sp. 
Hvdrophilidae  -  larvae 

2 
3 

0.61 
0.91 

5 
5 

MH 
PR 

Total  Coleoptera 

5 

1.52 

Hemerodromia  sp 
Simulium  sp 

I 
249 

0.30 

75.45 

6 
6 

PR 
CF 

Total  Diptera 

250 

75.76 

8 

CG 

7 

CG 

8 

CG 

6 

UN 

6 

OM 

6 

CF 

6 

PR 

Total  Chironomidae 


49 


14.85 


Grand  Total 


330 


100.00 


Aquatic  Invertebrate  Summary  Data 


Site  Name:  Pennel  Creek 


Site  ID:  DF-10 


TOTAL  ABUNDANCE 
Ephemeroptera  +  Plecoptera  + 
Trichoptera  (EPT)  abundance 

TOTAL  NUMBER  OF  TAXA 
Number  EPT  taxa 

TAXONOMIC  GROUP  COMPOSITION 


330 

19 

17 
3 


GROUP 

Misc  Taxa 

Odonata 

Ephemeroptera 

Plecoptera 

Hemiptera 

Megaloptera 

Trichoptera 

Lepidoptera 

Coleoptera 

Diptera 

Chironomidae 


#TAXA        ABUNDAN  PERCENT 


2 

6 

1  82 

0 

0 

0.00 

1 

17 

5.15 

0 

0 

0.00 

1 

1 

0.30 

0 

0 

0.00 

2 

2 

0.61 

0 

0 

0.00 

2 

5 

1.52 

2 

250 

75.76 

7 

49 

14.85 

CONTRIBUTION  OF  DOMINANT  TAXA 

TAXON  ABUNDANCE 

Simulium  sp. 

Caenis  sp 

Chcotopus  sp 

ParaUmytarsus  sp. 

Tanytarsus  sp 

SUBTOTAL  5  DOMINANTS 

Dicrotendipes  sp. 

Physidae 

Theienemannimyia  Gr. 

Hydrophilidae 

Hyallela  azteca 

TOTAL  DOMINANTS 


SAPROBIC  INDICES 
HilsenholT  Biotic  Index 


ICE 

PERCENT 

249 

75.45 

17 

5.15 

15 

4.55 

13 

3.94 

8 

2.42 

302 

91.52 

7 

2.12 

4 

1.21 

4 

1.21 

3 

0.91 

2 

0.61 

322 

97.58 

6.17 


RATIOS  OF  TAX  GROUT  ABUNT)ANCES 
EPT/Chironomidae 


0.39 


FUNCTIONAL  FEEDING  GROUP  (FFG)  COMPOSmON 


GROUP 

Predator 

Parasite 

Collector-gatherer 

Collector-Qlterer 

Macrophyte-herbivore 

Piercer-herbivore 

Scraper 

Shredder 

Xylophage 

Omnivore 

Unknown 


RATIOS  OF  FFG  ABUNDANCES 
Scraper/CoUector-Qlterer 
Scraper/( Scraper  +  C  filterer) 
Shredder/Total  organisms 


#TAXA        ABUNTDAN  PERCENT 


3 

8 

2.42 

t) 

0 

0.00 

6 

46 

13.94 

3 

258 

78.18 

1 

2 

0.61 

1 

1 

0.30 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

1 

1 

0.30 

2 

14 

4.24 

0.00 
0.00 
0.00 

DIVERSrrY  MEASURES 
Shannon  H  (loge) 
Shannon  H  nog2) 
Evenness 
Sunpson  D 


0.76 
1.10 
0.27 
0.46 


COMMUNTTY  VOLTINISM  ANALYSIS 
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INTRODUCTION 

Benthic  assemblages  are  aptly  applied  to  aquatic  bioassessment  since  they  are 
known  to  be  important  indicators  of  stream  ecosystem  health  (Hynes  1970.)  Long  lives, 
complex  life  cycles  and  limited  mobility  mean  that  there  is  ample  time  for  the  benthic 
community  to  respond  to  cumulative  effects  of  environmental  perturbations.  Multimetric 
approaches  to  bioassessment  use  attributes  of  the  assemblage  in  an  integrated  way  to 
measure  overall  biotic  condition. 

The  additive  multimetric  approach  designed  by  Plafkin  et  al.  (1989)  and  adapted 
for  use  in  the  State  of  Montana  has  been  defmed  as  ". . .  an  array  of  measures  or  metrics 
that  individually  provide  information  on  diverse  biological  attributes,  and  when 
integrated,  provide  an  overall  indication  of  biological  condition."  (Barbour  et  al.  1995). 
Community  attributes  that  can  contribute  meaningfully  to  interpretation  of  benthic  data 
include  assemblage  structure,  sensitivity  of  community  members  to  stress  or  pollution 
and  functional  traits.  Each  metric  component  contributes  an  independent  measure  of  the 
biotic  integrity  of  a  stream  site;  combining  the  components  into  a  total  score  reduces 
variance  and  increases  precision  of  the  assessment.  (Fore  et  al.  1995).  Effectiveness  of 
the  integrated  metrics  depends  on  the  applicability  of  the  underlying  model,  which  rests 
on  a  foundation  of  three  essential  elements  (Bollman  1998).  The  first  element  is  an 
appropriate  stratification  or  classification  of  stream  sites,  typically,  by  ecoregion.  Second, 
metrics  must  be  selected  based  upon  their  ability  to  accurately  express  biological 
condition.  Third,  an  adequate  assessment  of  habitat  conditions  at  each  site  to  be  studied 
must  be  done,  to  assist  in  the  interpretation  of  metric  outcomes. 

This  report  summarizes  data  collected  in  May  1999  from  the  Redwater  River  and 
the  East  Fork  of  the  Redwater  River;  a  multimetric  method  is  used.  This  method  is  an 
adaptation  of  the  U.S.  EPA's  Rapid  Bioassessment  Protocols  (RBP  III)  (Plafkin  et  al. 
1989).  Macroinvertebrates  were  collected  at  ten  sites,  encompassing  a  great  deal  of  the 
length  of  the  river.  The  Redwater  and  its  East  Fork  lie  entirely  within  the  Plains 
ecoregions  of  Montana. 

Metric  selection  for  tliis  study  was  based  on  the  recommendations  found  in  the 
standard  operating  procedures  for  macro  invertebrate  sampling  and  analysis  of  the 
Montana  Department  of  Environmental  Quality  (MT  DEQ)  (Bukantis  1998).  Implicit  in 
the  multimetric  method  and  its  associated  habitat  assessment  is  an  assumption  of 
correlative  relationships  between  habitat  parameters  and  the  biotic  metrics,  in  the  absence 
of  water  quality  impairment.  These  relationships  may  vary  regionally,  requiring  an 
examination  of  habitat  assessment  elements  and  biotic  metrics  and  a  test  of  the  presumed 
relationship  between  them.  Assurance  of  the  validity  of  association  between  habitat 
parameters  and  biotic  metrics  is  particularly  compelling  in  the  Plains  ecoregions,  since 
impairment  of  the  biotic  health  of  rivers  in  these  regions  is  generally  the  result  of  non- 
point  sources.  Agricultural  activities,  including  cattle  grazing  and  flow  alteration,  are 
predominant  causes  of  stream  degradation.  The  benthic  assemblages  of  the  Plains 
ecoregions  and  the  performance  of  bioassessment  metrics  have  not  yet  been  examined 
thoroughly  enough  to  determine  whether  or  not  the  individual  metrics  or  their  integrated 
scores  can  discriminate  impaired  conditions  from  good  biotic  health.  Bollman  (1998)  has 
recently  studied  the  assemblages  of  the  Montana  Valleys  and  Foothill  Prairies  ecoregion. 
and  has  recommended  a  battery  of  metrics  specific  to  that  ecoregion,  which  has  been 
shown  to  be  sensitive  to  impairment,  related  to  habitat  assessment  paraineters  and 


consistent  over  replicated  samples.  No  such  study  has  yet  been  undertaken  for  the  Plains 
ecoregions. 

Habitat  assessment  enhances  the  interpretation  of  biological  data  (Barbour  and 
Stribling  1991),  because  there  is  generally  a  direct  response  of  the  biological  community 
to  habitat  degradation  in  the  absence  of  water  quality  impairment.  If  biotic  health  appears 
more  damaged  than  the  habitat  quality  would  predict,  water  pollution  by  salinity  or 
toxicants,  or  high  levels  of  organic  and/or  nutrient  pollution  might  be  suspected.  On  the 
other  hand,  an  "artificial"'  elevation  of  biotic  condition  in  the  presence  of  habitat 
degradation  may  be  due  to  the  paradoxical  effect  of  mild  nutrient  or  organic  enrichment 
in  an  oligotrophic  setting.  Habitat  assessment  data  is  even  more  important  in  the  Plains 
ecoregions,  where  the  relationships  between  habitat  variables  and  benthic  community 
characteristics  remain  largely  unknown.  Analysis  of  the  effects  of  water  quality 
perturbations  on  the  benthic  assemblages  of  the  Plains  ecoregions  is  further  complicated 
by  the  dearth  of  information  on  the  effects  of  salinization  of  surface  waters  on 
macro  invertebrates. 

METHODS 

Aquatic  macroinvertebrates  were  sampled  by  persormel  of  the  Montana 
Department  of  Environmental  Quality  (MTJDEQ)  from  10  sites  in  3  reaches  of  the 
Redwater  River  and  its  East  Fork  on  May  25  and  26,  1999.  A  replicate  sample  was  taken 
at  a  single  site*,  for  quality  assurance  purposes.  Sampling  sites  were  numbered  and 
described  as  shown  in  the  following  table.  Reference  sites  are  indicated  therein. 


Table  A.  Sites  sampled  for  Redwater  River  study.  May  25  -  27,  1999. 

Reach 

Site  number 

Site  description  and  location 

1 

R1-S3 

Reach  1,  Site  3.  Lat.  47  08  57/  Long.  105  54 
45. 

R1-S8 

Reach  1,  Site  8.  Above  Brockvvay  bridge.  Lat. 
47  18  8i/Long.  105  46  01. 

R1-S9 

Not  described.  Reference  site  for  Reach  1.  Lat. 
47  17  38/ Long.  105  45  52. 

2 

2B 

18-21-50  (NE%,  SW'/4).  Lat.  47  34  40/  Long. 
10521  21. 

2D*  Replicate  1. 

Above  Circle.  Lat.  47  23  45/  Long.  105  35  50. 

2  D*  Replicate  2. 

South  of  Circle,  union  bridge.  North  side. 

2F 

Below  Circle  STP.  Lat.  47  25  30/  Long.  105  34 

21. 

3 

3  A 

Below  Pasture  Creek  confluence.  Lat.  47  42 
58/ Long.  105  14  50. 

3D 

Nickwail  crossing.  Lat.  48  02  49/  Long.  105  12 
59. 

3EF 

East  Fork  Redwater  River:  about  Va  mile  above 

confluence  with  the  Redwater.  Lat./Long.  data 

unavailable. 

3F 

Downstream  from  guaging  station  on  Highway 
201  bridge.  Lat.  47  54  05/  Long.  105  13  29. 

Little  Dry 
Creek 

Above  Highway  bridge.  Reference  site  for 
Reaches  2  and  3. 

In  addition  to  macro  invertebrate  sample  collection,  habitat  quality  was  visually 
evaluated  at  each  site  and  reported  by  means  of  the  habitat  assessment  protocol  for 
streams  with  glide/pool  prevalence  as  recommended  by  Bukantis  (1998). 
Macroinvertebrate  samples  and  associated  habitat  data  were  delivered  to  Rhithron 
Biological  Associates.  Missoula,  Montana,  for  laboratory  and  data  analyses. 

In  the  laboratory,  subsamples  of  300  (+/-  10%)  organisms  were  taken  from  each 
sample.  Community  structure,  function,  and  sensitivity  to  impact  were  characterized  for 
each  subsample  using  two  analytical  methods.  In  the  first  approach,  benthic  community 
attributes  were  compared  to  reference  criteria  established  by  MT  DEQ  for  streams  of 
both  Plains  ecoregions  in  the  State,  namely  the  Northwestern  Great  Plains  and  the 
Northwestern  Glaciated  Plains  (Omernik  et  al.  1997).  The  ecoregional  reference  approach 
for  the  Plains  ecoregions  uses  ten  metrics  (Bukantis  1998).  Actual  metric  values  were 
compared  to  the  reference  values  to  obtain  metric  scores.  Bio  integrity  was  estimated  as 
the  combined  score  for  all  metrics  expressed  as  a  percentage  of  the  maximum  possible 
score.  On  this  basis,  use  support  categories  were  assigned  to  each  site,  indicating  whether 
full  support  of  designated  uses  is  probable,  given  the  biotic  community  present  at  the  site 
(Tables ). 

In  the  second  approach,  reference  sites  were  selected  from  among  the  sites 
sampled  because  habitat  conditions  at  these. sites  appeared  to  be  less  impaired  than  at 
other  sites.  Metric  values  from  these  internal  reference  sites  are  used  for  comparisons  of 
metric  values  from  other  sites.  Table  5  gives  the  scoring  criteria  for  metrics  when  internal 
reference  criteria  are  used  for  generating  metric  scores  for  Plains  ecoregions  sites. 

RESULTS 

Habitat  assessment 

Figure  1  a  compares  total  habitat  scores  for  all  sites  in  the  study.  Scores  illustrated 

Figure  la.  Total  habitat  assessment  scores  as  percent  of  maximum  score  for  ten  sites  on  the  Redwater 
River,  one  site  on  the  East  Fork  of  the  Redwater  River,  and  one  site  on  Little  Dry  Creei<.  May  25  -  27, 
1999. 
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in  the  figure  were  calculated  as  a  percent  of  the  maximum  possible  score.  An  additional 
site  was  included  in  the  habitat  assessment  for  which  there  was  no  accompanying 
macro  invertebrate  sample.  This  was  site  3E,  taken  from  a  site  upstream  from  Nickwall 
crossing. 

Using  this  scoring  method,  four  sites  were  judged  to  have  optimal  habitat:  Reach 
1  Site  9,  Site  2B,  Site  2D,  and  Site  3A.  Scores  for  all  other  sites  indicated  sub-optimal 
habitat.  In  Reach  1 .  Site  9  had  the  highest  habitat  score.  At  Site  8,  anaerobic  sediments 
were  noted.  Shallow  water  depths  characterized  this  site  and  Site  3.  In  Reach  2,  mucky 
substrates  in  pools  and  some  degree  of  channel  alteration  affected  habitat  scores. 

In  general,  sites  in  Reach  3  and  the  Little  Dry  Creek  site  had  lower  habitat  scores 
than  either  of  the  other  two  reaches,  with  the  exception  of  the  site  below  Pasture  Creek 
(Site  3A),  which  scored  optimally.  Lower  scores  among  the  other  sites  in  Reach  3  were 
partly  due  to  abbreviated  riparian  vegetation  zone  widths,  but  these  riparian  vegetation 
zones  were  judged  by  DEQ  personnel  to  be  the  maximum  potential  for  the  sites.  Thus, 
habitat  scores  calculated  as  a  percent  of  maximum  possible  score  may  not  be  accurate 
assessments  for  these  sites. 

Alternatively,  habitat  scores  can  be  calculated  as  a  percent  of  the  scores  attained 
by  the  respective  reference  sites,  and  applying  this  method  gives  quite  different  results. 
Figure  lb  illustrates  habitat  assessment  scores  for  the  same  sites  calculated  as  a  percent  of 
reference  condition. 

Figure  lb.  Total  habitat  assessment  scores  for  ten  sites  on  the  Redwater  River,  one  site  on  the  East  Fork  of 
the  Redwater  River,  and  one  site  on  Little  Dry  Creek.  Scores  calculated  as  percent  of  reference  condition. 
Scores  for  reference  sites  are  indicated  bv  red  bars.  Mav  25  -  27.  1999. 
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Habitat  conditions  at  all  sites  score  optimally  when  an  internal  reference  approach 
to  habitat  assessment  is  used.  Table  1,  which  may  be  found  in  the  "Tables"  section  of  this 
report,  .shows  scores  for  all  habitat  parameters  for  each  site  evaluated. 


Bioassessments 

Macroinvertebrate  taxa  lists,  metric  results  and  other  information  for  each  sample 
are  given  in  the  Appendix. 

1.  Plains  ecoregions  reference 

Figure  2  compares  total  bioassessment  scores  for  sampled  sites  based  upon 
comparison  with  the  Plains  ecoregions  reference  (Bukantis  1998).  Table  4  (a  and  b) 
displays  scores  for  each  metric. 


Figure  2.  Total  bioassessment  scores,  based  on  Plains  ecoregion  reference  (Bukantis  1998),  for  ten  sites  on 
the  Redvvater  River,  one  site  on  the  East  Fork  of  the  Redwater,  and  one  site  on  Little  Dry  Creek.  May  25  - 
27,  1999.  Site  2  D  is  represented  by  two  replicate  samples.  No  macroinvertebrate  sample  was  available  for 
Site  3  E. 
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Two  sites,  2B  on  the  main  Redwater  River  and  3EF  on  the  East  Fork,  did  not 
support  designated  uses,  a  condition  considered  to  indicate  severe  impairment.  All  other 
sites  received  bioassessment  scores  that  indicated  partial  support  of  designated  uses, 
though  one  site,  Reach  1  Site  8,  scored  very  low  within  the  partial-use-support  category. 

A  technique  that  may  be  useful  in  distinguishing  the  effects  of  water  quality 
perturbations  from  impacts  due  to  habitat  degradation  is  the  graphing  of  the 
bioassessment  score  for  each  site  against  the  site's  habitat  assessment  score.  Figure  4  is 
such  a  graph  of  the  data  from  the  Redwater  River  and  the  East  Fork  of  the  Redwater.  The 
accuracy  of  such  an  analysis  depends  strongly  on  the  adequacy  of  the  bioassessment 
metric  battery  in  distinguishing  impairment,  however,  and,  as  mentioned  previously, 
there  is  no  such  assurance  concerning  the  battery  used  in  this  study.  Where  habitat 
degradation  is  the  primary  source  of  impact  to  biotic  health,  the  expected  relationship  of 
bioassessment  scores  to  habitat  assessment  scores  is  represented  by  a  positively-directed, 
sigmoid-shaped  curve  (Barbour  and  Stribling  1991). 


In  Figure  4,  Sites  2F,  3D,  3F  and  Little  Dry  Creek  appear  to  lie  in  the  region  of 
the  graph  where  habitat  quality  is  determining  the  health  of  the  benthic  community 
mainly  in  the  absence  of  water  quality  perturbations.  The  other  sites  lie  below  and/or  to 
the  right  of  these,  indicating  bioassessment  scores  lower  than  expected  if  habitat  quality 
were  the  primary  source  of  impairment.  Such  a  fmding  suggests  that  impaired  water 
quality  may  have  been  a  factor  inhibiting  the  health  of  the  benthic  community  at  these 
sites. 

Figure  4.  The  relationship  between  total  habitat  assessment  scores  and  total  bioassessment  scores  for  sampled  sites 
on  the  Redwater  River,  its  East  Fork,  and  Little  Dry  Creek.  May  25  -  27,  1 999.  The  red  line  suggests  the 
hypothetical  expected  relationship  between  habitat  scores  and  bioassessment  scores  if  habitat  perturbations  were  the 
sole  determinant  of  biotic  conditions.  Habitat  scores  were  calculated  as  percent  of  maximum  possible  score,  and 
bioassessment  scores  are  based  upon  the  ecoregiona!  reference. 
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2.  Internal  Reference 


DEQ  personnel  chose  Site  9  in  Reach  1  as  the  reference  for  other  sites  in  Reach  1, 
and  the  site  on  Little  Dry  Creek  as  reference  for  sites  in  Reaches  2  and  3  of  the  Redwater 
River  and  the  East  Fork.  Table  5  illustrates  the  scoring  criteria  applied  in  the  internal 
reference  approach.  Table  6  shows  the  metric  scoring  for  sites  in  Reach  1  using  the 
internal  reference,  and  Table  7  (a  and  b)  shows  the  metric  scoring  for  sites  in  Reaches  2 
and  3. 


Figure  5.  Total  bioassessment  scores,  based  on  an  internal  reference  approach,  for  ten  sites  on  the 
Redwater  River,  one  site  on  the  East  Fork  of  the  Redwater,  and  one  site  on  Little  Dry  Creek.  May  25  -  27, 
1999.  Site  2  D  is  represented  by  two  replicate  samples.  No  macroinvertebrate  sample  was  available  for  Site 
3  E.  Scores  for  reference  sites  are  indicated  by  red  bars.  Reach  1  Site  9  provided  the  reference  for  sites  in 
Reach  1,  and  Little  Dry  Creek  provided  the  reference  for  all  other  sites. 
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The  internal  reference  approach  to  bioassessment  yields  much  different  results  for 
these  sites  than  the  ecoregional  reference  approach.  Figure  5  compares  bioassessment 
scores  when  internal  references  were  used  as  criteria.  Given  an  a  priori  assessment  of 
reference  conditions  for  biotic  health  at  Reach  1  Site  9  and  at  the  site  on  Little  Dry  Creek, 
six  other  sites  appear  to  have  unimpaired  biointegrity  by  comparison,  and  appear  to  fiilly 
support  designated  uses.  Partial  use  support  was  indicated  by  scores  for  the  two  sites  in 
Reach  1  and  for  Sites  2  B  and  3  EF.  No  site  is  scored  to  indicate  severe  impairment, 
which  was  indicated  by  scores  for  two  sites  when  the  ecoregional  reference  was  used. 

Graphing  bioassessment  scores  against  habitat  assessment  scores  calculated  using 
internal  references  as  criteria  gives  the  result  illustrated  in  Figure  6.  In  this  rendering, 
good  water  and  habitat  quality  are  suggested  by  the  positions  of  symbols  for  all  sites 
except  Reach  1  Site  3,  Reach  1  Site  8,  Site  2B,  and  Site  3EF.  For  these  four  sites,  high 
scores  for  habitat  quality  coupled  with  low  bioassessment  scores  suggests  that  water 
quality  perturbations  are  present,  if  habitat  assessment  and  bioassessment  methods  are 
accurate. 


Macroin  vertebrate  commun  ities 


•     Reach  1 

In  Reach  1,  benthic  assemblages  were  characteristic  of  warm  waters  with  little  or 
no  flow.  Cladocerans  (Daphnia  sp.)  were  abundant  at  Site  3  and  Site  8,  while  Site  9  was 
dominated  by  the  midge  Paratunytarsus  sp.,  wliich  is  typically  associated  with  the 
sediments  of  lake  littoral  zones.  Dominance  of  the  damselfly  Lcstes  sp.  at  Site  3, 


Figure  6.  The  relationship  between  total  habitat  assessment  scores  and  total  bioassessment  scores  for  sampled  sites 
on  the  Redwater  River,  its  East  Fork,  and  Little  Dry  Creek.  May  25  -  27,  1999.  The  red  line  suggests  the 
hypothetical  expected  relationship  between  habitat  scores  and  bioassessment  scores  if  habitat  perturbations  were  the 
sole  determinant  of  biotic  conditions.  Habitat  scores  were  calculated  as  percent  of  reference  condition,  and 
bioassessment  scores  are  based  upon  comparison  to  internal  references. 
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comprising  36%  of  the  sampled  assemblage,  suggests  pond-like  conditions  with  emergent 
vegetation.  All  three  sites  in  Reach  1  scored  poorly  compared  to  the  Plains  ecoregions 
reference  and  Sites  3  and  8  scored  poorly  compared  to  Site  9,  the  internal  reference, 
given  the  optimal  or  sub-optimal  habitat  assessment  scores  they  received.  This  suggests 
that  poor  water  quality  may  have  contributed  to  diminished  biotic  health.  It  might  also  be 
the  case,  however,  that  the  current  bioassessment  metric  battery  in  use  for  these  regions, 
with  its  inclusion  of  two  metrics  aimed  at  EPT  as  well  as  its  optimistic  scoring  of  these 
two  metrics,  may  not  adequately  cissess  the  health  of  near-lentic  sites  such  as  those  found 
in  the  Redwater  River.  There  was  but  a  single  EPT  taxon  collected  in  Reach  1 ;  the 
mayfly  Caenis  sp.,  characteristic  of  lentic  environments  or  in  depositional  zones  of  warm 
slow-flowing  waters,  was  found  in  considerable  abundance  at  Site  9  and  less  abundantly 
at  Site  8.  Significantly,  Caenis  sp.  was  not  collected  at  Site  3.  There  is  other  evidence  for 
poor  water  quality  at  all  three  sites;  salinity,  measured  as  specific  conductance,  was  high 
for  all  sites  in  Reach  1,  particularly  Site  3.  Figure  7  graphs  the  results  of  specific 
conductance  measurements  taken  at  each  site. 

Site  9  had  a  relatively  diverse  assemblage  of  organisms,  and  the  highest  taxa 
richness  (23)  of  all  sites  studied.  Nine  midge  taxa  were  collected  here,  suggesting 
variable  substrate  with  diverse  niches.  By  contrast,  the  assemblage  at  Site  8  was 
relatively  depauperate,  dominated  by  iminature  lubificid  worms  (36%  of  the  sampled 
assemblage).  Only  7  taxa  were  collected  here,  and  overall  macro iji vertebrate  abundance 


was  quite  low.  The  abundance  of  tubificid  worms  suggests  that  sediment  deposition  may 
impair  habitat  integrity  at  this  site;  their  dominance  of  the  community,  along  with  the 
presence  of  other  tolerant  taxa,  such  as  the  midge  Tanypus  sp..  nematodes  and 
ceratopogonid  flies,  also  suggests  that  nutrient  and/or  organic  enrichment  may  impair 
water  quality  at  this  site.  Further  upstream,  water  quality  impairment  may  also  be  a  factor 
limiting  biotic  health  at  Site  3.  There  is  not,  however,  a  strong  indication  that  the  source 
of  water  quality  impairment  is  organic  or  nutrient  pollution.  Instead,  the  damselfly  testes 
sp.  is  well-known  to  be  highly  tolerant  of  saline  conditions,  and  three  of  the  other  ten 
dominant  taxa  at  this  site  are  surface-dwelling  animals,  which  are  also  tolerant  of  high 
conductivity.  It  is  possible,  though  impossible  to  state  with  certainty,  that  high  salinity  at 
this  site  affects  biotic  health  here.  Abundance  of  macro  invertebrates  was  also  low  at  Site 
3,  implicating  high  conductance  as  a  source  of  water  quality  perturbation. 


Figure  7.  Specific  conductance  (mmhos/cm.)  at  Redwater  River,  East  Fork  and  Little  Dry  Creek  sites.  May 
25-27,  1999. 


Reach    Reach    Reach 

Site 

Site     Site2F     Site 

Site 

Site     Site3F    Little 

1  Site     1  Site     1  Site 

2B 

2D                     3A 

3D 

3EF                    Dry 

3            8           9 

Creek 

•  Reach  2 

In  Reach  2.  two  samples  yielded  assemblages  characteristic  of  warm  lentic 
environments,  while  the  two  others  suggested  that  they  were  collected  from  flowing 
water.  At  Site  2B,  the  blackfly  Sinmlium  sp.  overwhelmingly  dominated  the  collected 
assemblage,  comprising  85%  of  the  organisms  sampled.  This  filter-feeding  organism 
needs  at  least  some  flow  to  thrive,  and  its  abundance  strongly  suggests  that  fine 
particulate  organic  matter  was  plentiful  in  the  Redwater  River  at  this  site.  Organic  and/or 
nutrient  inputs  to  the  water  are  also  suggested  by  the  midge  fauna  collected  at  the  site, 
including  Pseudochironomiis  sp.,  and  Dicrotendipes  sp.,  both  characteristic  organisms  of 
meso-  or  eutrophic  conditions. 
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At  Site  2D  (labeled  "South  of  Circle"),  SimuUnm  sp.  constituted  21%  of  sampled 
organisms.  Warm  water  and  ample  nutrients  are  suggested  by  the  dominance  of  the  snail 
Physella  sp.,  which  comprised  43%  of  the  assemblage  in  the  sample. 

Assemblages  at  Sites  2D  (labeled  "Above  Circle")  and  Site  2F  were  mainly 
comprised  of  organisms  with  lentic  associations.  Cladocera  {Daphnia  sp.)  made  up  25% 
of  animals  sampled  at  Site  2D,  and  the  midge  Par  at  any  tarsus  sp.  dominated  the 
assemblage  (40%)  at  Site  2F.  Organic  and/or  nutrient  enrichinent  of  the  water  is 
suggested  by  the  benthic  community  composition  at  all  sites  in  Reach  2:  dominant 
organisms  include  SimuUum  sp.,  physid  and  lymnaeid  snails  and  tolerant  midges. 
Abundant  macroinvertebrates  were  present  in  samples  from  all  sites  in  Reach  2, 
suggesting  that  excessive  salinity  was  not  a  major  contributor  to  water  quality 
perturbations  in  this  reach. 

•     Reach  3 

In  Reach  3,  low  numbers  of  organisms  were  collected  at  Sites  3D  and  3F,  and 
while  this  may  suggest  severe  habitat  degradation  or  water  quality  impairment,  it  is  more 
likely  a  natural  finding  in  the  lower  reaches  of  plains  rivers,  where  sediments  are  fine  and 
habitat  relatively  monotonous.  The  assemblages  collected  here  have  rather  large 
components  of  sediment-tolerant  organisms,  particularly  the  elmid  beetle  Dubiraphia  sp., 
which  is  almost  exclusively  found  among  fine  sediments  in  lotic  systems.  Site  3F  also 
harbored  the  burrowing  mayfly  Hexagenia  limhata  suggesting  a  large  riverine 
environment  and  fine  sediments.  Tubificid  worms  were  abundant  at  Site  3D,  comprising 
16%  of  the  sampled  assemblage,  implicating  water  quality  perturbations  due  to  organic 
and/or  nutrient  enrichment. 

Macroinvertebrates  were  abundant  at  Site  3A  in  the  Redwater  River  and  Site  3EF 
in  the  East  Fork  of  the  Redwater.  Both  sites  were  dominated  by  the  blackfly  SimuUum 
sp.,  which  comprised  50%  of  the  assemblage  at  Site  3A  and  overwhelmed  the  community 
at  the  East  Fork  site  at  85%  of  organisms.  Other  indications  of  fine  organic  particulates 
and  nutrient  enrichment  were  present  at  both  sites  as  well.  For  example,  physid  snails 
{Physella  sp.)  were  among  the  dominant  organisms  at  both  sites,  and  the  pollution- 
tolerant  mayfly  Caenis  sp.  was  similarly  abundant. 

CONCLUSIONS 

•     The  performance  of  bioassessment  metrics  and  metric  batteries  for  streams  of  the 
Plains  ecoregions  have  not  yet  been  examined  thoroughly  enough  to  determine 
whether  or  not  the  individual  metrics  or  their  integrated  scores  can  discriminate 
impaired  conditions  from  good  biotic  health.  Benthic  assemblages  and  their  function 
in  these  systems  are  poorly  understood,  and  relationships  between  communities, 
habitat  parameters  (such  as  sedimentation  and  flow  conditions),  and  water  quality 
factors  (such  as  salinity  and  water  temperature)  on  which  bioassessments  can  be 
based  are  not  yet  well  established.  The  metric  battery  recommended  by  Montana 
DEQ  for  the  Plains  ecoregions  may  not  discriminate  impairment  in  conditions  of  slow 
flow  and  warmer  water  temperatures,  which  may  be  normal  stream  conditions  in 
these  regions.  Observations  and  conclusions  offered  in  this  report  are  thus  to  be 
considered  provisional. 
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Sites  in  Reach  1  appeared  to  have  impaired  biotic  health  that  could  be  attributed  at 
least  partly  to  water  quality  impairment.  Salinity  could  be  among  the  possible  causes 
of  low  macro  invertebrate  abundance  and  dominance  of  tolerant  organisms.  Warm 
water  temperatures  and  near-lentic  flow  conditions  were  indicated  throughout  the 
reach.  Nutrient  and/or  organic  enrichment  was  indicated  by  the  taxonomic 
composition  of  benthic  communities  in  this  reach.  Low  total  abundance  of  organisms 
in  samples  from  Sites  3  and  8  in  Reach  1  implicate  salinity  as  an  additional  source  of 
impairment  at  these  sites. 

Organic  and/or  nutrient  enrichment  was  indicated  by  communities  collected  in  Reach 
2.  Benthic  organisms  appeared  to  be  abundant  throughout  the  reach.  No  specific 
indication  of  increased  salinity  was  noted. 

Fine  sediments  and  relatively  monotonous  habitat  conditions  appeared  to  determine 
the  composition  of  communities  in  Reach  3,  which  also  appeared  to  take  on 
characteristics  of  a  large  riverine  system  in  its  lowest  sampled  reach.  Again,  nutrient 
and/or  organic  enrichment  was  suggested  by  the  benthic  assemblages  throughout  the 
reach. 

For  quality  control  purposes,  sampling  was  replicated  at  Site  2D.  The  coefficient  of 
variation  (V)  for  bioassessment  scores  calculated  for  both  replicates  was  10.9%  when 
the  ecoregional  reference  was  used,  and  4.2%  when  the  internal  reference  was  used. 
These  figures  suggest  that  the  internal  reference  method  produced  scores  with  better 
replicability.  However,  taxonomic  composition  of  communities  sampled  in  the  two 
replicates  was  quite  different.  Of  28  total  taxa  collected  at  Site  2D  in  both  replicate 
samples,  the  individual  samples  had  only  11 ,  or  39%,  in  common.  As  mentioned 
earlier  in  this  report,  the  replicate  labeled  "Above  Circle"  contained  an  assemblage 
indicative  of  near-lentic  conditions,  whereas  that  labeled  "South  of  Circle"  contained 
a  significant  number  of  organisms  associated  with  lotic  conditions.  It  would  appear 
that  the  low  value  for  F  obtained  with  the  use  of  internal  reference  criteria  should  be 
considered  spurious,  and  not  a  validation  of  the  either  the  sampling  technique  or  the 
bioassessment  method. 
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Table  2.  Metrics  and  scoring  criteria  for  Plains  ecoregions  streams  (Bukantis  1998). 


Scoring 

Criteria 

metric 

3 

2 

1 

0 

Taxa  richness 

>24 

24-18 

18-  12 

<12 

EPT  richness 

>8 

8-6 

5-3 

<3 

Biotic  index 

<5 

5-6 

6-7 

>7 

Vo  dominant  taxon 

<30 

30-45 

45-60 

>60 

Vo  collectors 

<60 

60-80 

80-95 

>95 

%  EPT 

>50 

50-30 

30-  10 

<10 

Shannon  diversity 

>3.0 

3.0-2.4 

2.4-1.8 

<1.8 

"/o  scrapers  +  shredders 

>30   • 

30-  15 

15-3 

<3 

Predator  taxa  richness 

>5 

4-5 

3-4 

<3 

%  multivoltine 

<40 

40-60 

60-80 

>80 

Table  3.  Criteria  for  the  assignment  of  support  classifications  /  standards  violation  thresholds  (from  Bukantis. 
1998) 

%  Comparability  to  reference 

Use  support 

>75 

25-75 

<25 

Full  support— standards  not  violated 

Partial  support— moderate  impairment-standards 

violated 

Non-support— severe  impairment— standards  violated 
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Table  5.  Internal  reference  values  and  criteria  for  assigning  scores  to  metrics  based  on  percent  comparability 

to 

reference  values. 

Redwater 
River 

Little  Dry 

Scoring  Criteria^ 

metric 

Reach  1 

Site  9 

(reference 
for  Reach  1) 

Creek 

(reference 

for  Reaches 

2  and  3) 

* 

-> 

2 

1 

0 

Taxa  richness 

23 

20 

>  85% 

85-75% 

75-60% 

<  60% 

a 

EPT  richness 

2 

2 

>  80% 

80-50% 

50-35% 

<  35% 

a 

Biotic  index 

6.48 

6.35 

>  90% 

90-80% 

80-70% 

<  70% 

b 

%  dominant  taxon 

46 

31 

>  75% 

75-60% 

60-50% 

<  50% 

b 

%Collector(g+fO 

34 

81 

>  90% 

90-75% 

75-60% 

<  60% 

b 

%EPT 

11 

38 

>  85% 

85-75% 

75-40% 

<  40% 

a 

Shannon  diversity 

(log2) 

2.98 

3.06 

>90% 

90-80% 

80-70% 

<70% 

a 

%  Scrapers  and 

shredders 

4 

<1 

>80% 

80-50% 

50-10% 

<10% 

a 

#  predator  taxa 

5 

3 

>60% 

60-50% 

50-40% 

<40% 

a 

%  multivoltine 

55 

34 

>35% 

35-25% 

25-15% 

<15% 

b 

^  Scoring  criteria  are  based  on  an  analysis  of  met 

ric  ranges  for  1 7  Plains  Ecoreg 

ions  sites  in  four  years  of  data 

collected  by  the  Montana  Department  of  Enviror 

imental  Quality  ( 

BoUman,  unpublished  data). 

*  a  =  score  is  ratio  of  study  site  to  reference  x  10 

0. 

*  b  =  score  is  ratio  of  reference  to  study  site  x  1 0 

0. 

V. 
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Table  6.  Metric  values  expressed  as  percent  of  internal  reference,  scores,  and  bioassessments  for  Redwater  River, 
Reach  1  sites.  May  25  -  27,1999. 


Metric 

Reach  1  Site  3 

Reach  1  Site  8 

Reach  1  Site  9 
(reference) 

Ta.xa  richness 

61 

30 

100 

EPT  richness 

0 

50 

100 

Biotic  index 

82 

75 

100 

%  Dom  inant  taxon 

100 

100 

100 

%  Collectors 

68 

49 

100 

%  EPT 

0 

55 

100 

Shannon  H 

81 

82 

100 

%  Scrapers  plus  shredders 

0 

0 

100 

#  Predator  taxa 

60 

40 

100 

%  Multivoltine 

100 

100 

100 

Metric  score 

Taxa  richness 

1 

0 

3 

EPT  richness 

0 

2 

3 

Biotic  index 

2 

1 

3 

%  Dominant  taxon 

3 

3 

3 

%  Collectors 

1 

0 

3 

%  EPT 

0 

1 

3 

Shannon  H 

2 

2 

3 

%  Scrapers  plus  shredders 

0 

0 

3 

#  Predator  taxa 

2 

1 

3 

%  Multivoltine 

3 

3 

3 

Total  score  (maximum  =  30) 

14 

13 

30 

Percent  of  maximum 

47 

43 

100 

Use  support  * 

PART 

PART 

FULL 

See  Table  3  for  use  support  designation  criteria  FULL  = 
supported. 


fiall  use  support;  PART  =  partial  use  support:  NON  =  uses  not 
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Aquatic  Macroinvertebrate  Data:  Little  Dry  Creek  May  27,  1999 

Percent  of  sample  used  100 

Subsample  size  194 

Percent  EPT  38 

Taxa  richness  20 

EPT  richness  2 

Biotic  Index  6.35 

Percent  dominant  taxon  3 1  44 

Percent  dominance  of  five  dominant  taxa  79.37 

Percent  dominance  often  dominant  taxa  95.36 

Percent  collectors  (gatherers  plus  filterers)  8 1 .46 

Percent  scrapers  plus  shredders  .52 

Percent  Hydropsychinae  of  Trichoptera  1.00 

Metals  tolerance  index  4.51 

Shannon  H  (log2)  3.06 

Evenness  .73 

BrillouinH  1.98 

Simpson  D                                                             .  .17 

EPT/Chironomidae  .88 

CTQa  04.00 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  31.44 

%Plecoptera  .00 

%Trichoptera  6.19 

%Coleoptera  .00 

%Diptera  5.68 

%Chironomidae  42.80 

Multivoltine  34.15 

Univohine  64.82 

Semivohine  1.03 

Functional  Feeding  Groups  #  taxa    %  abundance 

Predator  3                 722 

Collector-gatherer  9               74.75 

Collector-filterer  2                6.71 

Scraper  1                  .52 

Shredder  0                 .00 


Estimated  total  number  of  organisms  194 

15  pool  5  riffle,  20  jabs 


Macroinvcrtebratc  Taxonomic  Data 

Little  Dry-  Creek  above  highway  bridge.  May  27.  1999. 


Taxon 


0/ 

/o 


Bl 


FFG 


Oligochaeta;  Naididae  2 

Lumbriculidae  1 
Tubificidae  1 

Physidae 

Acari 

TOTAL:  MISC.  TAXA 

Coenagrionidae:  Enallagma 

TOTAL:  ODONATA 

Caenis 

TOTAL:  EPHEMEROPTERA 

Corixidae 

TOTAL:  HEMIPTERA 

Cheumatopsyche 

TOTAL:  TRJCHOPTERA 

Ceratopogonidae 

SimiUium 

Ormosia 

TOTAL:  DIPTERA 

Cncolopus  (Isocladius)  intersectus 

Crvptochironomus 

Dicrotendipes 

Micropsectra 

Paratanytarsus 

Polype  dilum 

Pseudochironomus 

Thienemannimyia 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


4 

2.06 

10 

CG 

1 

0.52 

8 

SC 

1 

0.52 

5 

PA 

6 

3.09 

2 

L03 

7 

PR 

2 

1.03 

61 

31.44 

7 

CG 

61 

31.44 

19 

9.79 

5 

UN 

19 

9.79 

12 

6.19 

5 

CF 

12 

6.19 

9 

4.64 

6 

PR 

1 

0.52 

5 

CF 

1 

0.52 

6 

CG 

11 

5.67 

24 

12.37 

7 

CG 

3 

1.55 

8 

CG 

15 

7.73 

8 

CG 

1 

0.52 

4 

CG 

1 

0.52 

6 

UN 

1 

0.52 

6 

CG 

35 

18.04 

5 

CG 

3 

1.55 

5 

PR 

83 
194 


42.78 
100.00 


APPENDIX 


Macroinvertebrate  Taxonomic  Data 

Redwater  River  Reach  1  Site  3 

Taxon        # % BI FFG 

8  CF 

8  CG 

9  PR 

5  UN 

11  UN 

5  PR 


Cladocera 

72 

32.58 

Ostracoda 

10 

4.52 

TOTAL:  MISC.  TAXA 

82 

37.10 

Lestidae:  Lestes 

79 

35.75 

TOTAL:  ODONATA 

79 

35.75 

CorLxidae 

19 

8.60 

TOTAL:  HEMIPTERA 

19 

8.60 

Curculionidae 

2 

0.90 

Dytiscidae 

9 

4.07 

Rhantus                                 1 

Coptotomus                        3 

Hygrotus                             3 

Laccophilus                         1 

TOTAL:  COLEOPTERA 

"ll 

4.98 

Ceratopogonidae 

1 

0.45 

TOTAL:  DIPTERA 

1 

0.45 

Chironomus 

1 

0.45 

Cricotopus  Isocladius 

12 

5.43 

Psectrocladius 

15 

6.79 

Tanytarsus 

1 

0.45 

TOTAL:  CHIRONOMIDAE 

29 

13.12 

GRAND  TOTAL 

221 

100.00 

PR 


10 

CG 

7 

CG 

8 

CG 

6 

CF 

Aquatic  Macroinvertebrate  Data:  Redwater  River  Reach  1  Site  3.  May  25,  1999. 


Percent  of  sample  used 
Subsample  size 


100 

221 


Percent  EPT 

Taxa  richness 

EPT  richness 

Biotic  Index 

Percent  dominant  taxon 

Percent  dominance  of  five  dominant  taxa 

Percent  dominance  often  dominant  taxa 

Percent  collectors  (gatherers  plus  filterers) 

Percent  scrapers  plus  shredders 

Percent  Hydropsychinae  of  Trichoptera 

Shannon  H  (log2) 

Evenness 

Brillouin  H 

Simpson  D 

EPT/Chironomidae 

CTQa 

Percent  Baetidae  of  Ephemeroptera 

%Ephemeroptera 

%Plecoptera 

%Trichoptera 

%Coleoptera 

%Diptera 

%Chironomidae 


0 
11 

0 
7.91 
35.75 
89.15 
99.54 
50.22 

0 

GO 

2.41 
.70 
1.59 
.25 
.00 
104.40 
0 

.00 
.00 
.00 

4.97 

.45 

13.12 


Multivoltine 

Univoltine 

Semivoltine 


46.95 

48.98 

4.07 


Functional  Feeding  Groups 


#  taxa    %  abundance 


Predator 

Collector-gatherer 

Collector-filterer 

Scraper 

Shredder 


3 
4 

2 
0 
0 


40.27 
17.19 
33.03 
.00 
.00 


Estimated  total  number  of  organisms 
Estimated  number  collected  per  foot 
Estimated  number  collected  per  minute 


221 
unknown 
unknovsTi 


Macroinvertebrate  Taxonomic  Data 

Redwater  River  Reach  1  Site  8 

Taxon  #  %  BI  FFG 


Nematoda 

9 

6.25 

Oligochaeta:  Tubificidae 

54 

37.50 

Cladocera 

27 

18.75 

TOTAL:  MISC.  TAXA 

90 

62.50 

Caenis 

9 

6.25 

TOTAL:  EPHEMEROPTERA 

9 

6.25 

Ceratopogonidae 

9 

6.25 

TOTAL:  DIPTERA 

9 

6.25 

Tanypus 

27 

18.75 

Tanytarsus 

9 

6.25 

TOTAL:  CfflRONOMIDAE 

36 

25.00 

GRAND  TOTAL 

144 

100.00 

5 

OM 

10 

CG 

8 

CF 

7 

CG 

6 

PR 

10 

PR 

6 

CF 

111 


Aquatic  Macroinvertebrate  Data:  Redwater  River  Reach  1  Site  8.  May  26,  1999. 

Percent  of  sample  used  100 

Subsample  size  144 

Percent  EPT  6 

Taxa  richness  7 

EPT  richness  1 

Biotic  Index  8.63 

Percent  dominant  taxon  37.50 

Percent  dominance  of  five  dominant  taxa  87.50 

Percent  dominance  often  dominant  taxa  100.00 

Percent  collectors  (gatherers  plus  filterers)  68.75 

Percent  scrapers  plus  shredders  0 

Percent  Hydropsychinae  of  Trichoptera  00 

Shannon  H(]og2)  2.44 

Evenness  .87 

BrillouinH  1.60 

Simpson  D  .22 

EPT/Chironomidae  .25 

CTQa  •                                   102.86 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  6.25 

%Plecoptera  .00 

%Trichoptera  .00 

%Co]eoptera  .00 

%Diptera  6.25 

%Chironomidae  25.00 

Multivoltine  43.75 

Univoltine  37.50 

Semivoltine  18.75 


Functional  Feeding  Groups #  taxa  %  abundance 

Predator  2  25.00 

Collector-gatherer  2  43.75 

Collector-filterer  2  25.00 

Scraper  0  .00 

Shredder  .  0  .00 


Estimated  total  number  of  organisms  144 

20  jabs,  each  20  feet.  60  feet  total. 


IV 


Pc.. 


Macroin vertebrate  Taxonomic  Data 

Redwater  River  Reach  1  Site  9 

Taxon # % Bl FFG 

OUgochaeta:  Tubificidae  2  0.62  10  CG 

Lymnaeidae  9  2.80  6  SC 

GjT-aulus  1  0.31  8  SC 

Cladocera  2  0.62  8  CF 

Copepoda  8  2.49  8  CG 

Acari  8  2.49  5  PA 

TOTAL:  MISC.  TAXA  30  9.35 

Aeshna  1  0.31  5  PR 

Coenagrionidae:  Enallagma  27  8.41  7  PR 

Lestidae:  Lestes  3  0.93  9  PR 

TOTAL:  ODONATA  31  9.66 

Caenis  34  10.59  7  CG 

TOTAL:  EPHEMEROPTERA  34  10.59 

Corixidae  7  2.18  5  UN 

TOTAL:  HEMPTERA  7  2.18 

Oecetis  "1  0.31  8  PR 

TOTAL:  TRICHOPTERA  1  0.31 

Dytiscidae:  Ilybius  1  0.31  5  PR 

Dubiraphia  4  1.25  6  SC 

TOTAL:  COLEOPTERA  5  1.56 

Chironomus  1  0.31  10  CG 

Corynoneura  6  1.87  7  CG 

Cricotopus  Isocladius  16  4.98  7  CG 

Dicrotendipes  21  6.54  8  CG 

Glyptotendipes  3  0.93  10  CG 

Micropsectra  6  1.87  4  CG 

Paratanytarsus  149  46.42  6  UN 

Polypedilum  1  0.31  6  CG 

Tanytarsus  10  3.12  6  CF 

TOTAL:  CHIRONOMIDAE  213  66.36 

GRAND  TOTAL  321  100.00 


Aquatic  Macroinvertebratc  Data:  Redwater  River  Reach  ]  Site  9.  May  26,  1999. 

Percent  of  sample  used  67 

Subsample  size  ,                                                   321 

Percent  EPT  1 1 

Taxa  ricliness  23 

EPT  richness  2 

Biotic  Index  6.48 

Percent  dominant  taxon  46.42 

Percent  dominance  of  five  dominant  taxa  76.94 

Percent  dominance  often  dominant  taxa                                                   90.02 

Percent  collectors  (gatherers  plus  filterers)  34.25 

Percent  scrapers  plus  shredders  4.36 

Percent  Hydropsychinae  of  Trichoptera  GO 

Shannon  H  (log2)  2.98 

Evenness  .66 

BrillouinH  1.95 

Simpson  D  .24 

EPT/Chironomidae  "                                       .16 

CTQa  100.78 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  10.59 

%Plecoptera  .00 

%Trichoptera  .31 

%Coleoptera  1.56 

%Diptera  .00 

%Chironomidae  66.35 

Multivoltine  55.37 

Univoltine  42.45 

Semivoltine  2.18 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  5               10.27 

Collector-gatherer  10              30.51 

Collector-fiherer  2                 3.74 

Scraper  3                 4.36 

Shredder  0                  .00 


Estimated  total  number  of  organisms  482 

20  jabs.  3  feet  each.  60  feet  total. 


VI 


Macroinvertebrate  Taxonomic  Data 

Redwater  River  2B 

Taxon   # % BI FFG 

10  CG 

7  CG 

0  PR 


Oligochaeta:  Tubificidae 

1 

0.34 

TOTAL:  MISC.  TAXA 

1 

0.34 

Caenis 

20 

6.90 

TOTAL:  EPHEMEROPTERA 

20 

6.90 

Corydalidae:  Oronectes 
TOTAL:  MEGALOPTERA 

1 

1 

0.34 
0.34 

Ceratopogonidae 
Simulium 

11 

247 

3.79 
85.17 

TOTAL:  DIPTERA 

258 

88.97 

Dicrotendipes 

Micropsectra 

Pseudochironomus 

6 

1 
2 

2.07 
0.34 
0.69 

Thienemannimyia 

TOTAL:  CHIRONOMIDAE 

1 
10 

0.34 
3.45 

GRAND  TOTAL 

290 

100.00 

6 

PR 

5 

CF 

8 

CG 

4 

CG 

5 

CG 

5 

PR 

Vll 


Aquatic  Macroinvertebrate  Data:  Redwater  River  2B.  (18-21-50  NE'A  SW%).  May  25,  1999. 

Percent  of  sample  used  7 

Subsample  size  290 

Percent  EPT  7 

Taxa  richness  9 

EPT  richness  1 

Biotic  Index  5.23 

Percent  dominant  taxon  85.17 

Percent  dominance  of  five  dominant  taxa  98.62 

Percent  dominance  often  dominant  taxa  99.98 

Percent  collectors  (gatherers  plus  filterers)  95.51 

Percent  scrapers  plus  shredders  0 

Percent  Hydropsychinae  of  Trichoptera  00 

Shannon  H  (log2)  .92 

Evenness  .29 

Brillouin  H  .60 

Simpson  D  .73 

EPT/Chironomidae                                              "  2.00 

CTQa  103.50 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  6.90 

%Plecoptera  .00 

%Trichoptera  .00 

%Coleoptera  .00 

%Diptera  88.96 

%Chironomidae  3.44 

Multivoltine  2.59 

Univoltine                                                                                    '  96.90 

Semivoltine  .52 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  3                 4.47 

Collector-gatherer  5               10.34 

Collector-filterer  1               85.17 

Scraper  0                  .00 

Shredder  0                 .00 


Estimated  total  number  of  organisms  4 1 43 

Jab  sample. 


VUI 


Macroinvertebrate  Taxonomic  Data 

Redwater  River  2D  Above  Circle 

Taxon # % BI FFG 

Lymnaeidae  52  16.67  6  SC 

Physidae  1  0.32  8  SC 

Cladocera  77  24.68  8  CF 

Ostracoda  1  0.32  8  CG 

HyaUela  azteca  13  4.17  8  CG 

Acari  14  4.49  5  PA 

TOTAL:  MISC.  TAXA 

LibelluUdae:  Sympetrum  1  0.32  9  PR 

Coenagrionidae  75  24.04  7  PR 

Enallagma  63 

Ischnura  1 2 

TOTAL:  ODONATA 
Callibaetis 

TOTAL:  EPHEMEROPTERA 
Corixidae 

TOTAL:  HEMIPTERA 

Brychius  1  0.32  5  SH 

TOTAL:  COLEOPTERA 
Ceratopogonidae 
Simulium 

TOTAL:  DIPTERA 
Chironomus 
Cladopelma 
Dicrotendipes 
Endochironomus 
Micropsectra 
Paratanytarsus 
Procladius 
Psectrocladius 
Tanypus 

TOTAL:  CHIRONOMIDAE 
GRAND  TOTAL 


52 

16.67 

1 

0.32 

77 

24.68 

1 

0.32 

13 

4.17 

14 

4.49 

158 

50.64 

1 

0.32 

75 

24.04 

76 

24.36 

1 

0.32 

1 

0.32 

3 

0.96 

•3 

0.96 

1 

0.32 

1 

0.32 

17 

5.45 

1 

0.32 

18 

5.77 

1 

0.32 

2 

0.64 

2 

0.64 

6 

1.92 

37 

11.86 

3 

0.96 

2 

0.64 

1 

0.32 

1 

0.32 

55 

17.63 

312 

100.00 

CG 

UN 


6 

PR 

5 

CF 

10 

CG 

9 

CG 

8 

CG 

10 

CG 

4 

CG 

6 

UN 

9 

CG 

8 

CG 

10 

PR 

IX 


» 


Aquatic  Macroinvertcbrate  Data:  Redwater  River  2D  Above  Circle.  May  26.  1999. 

Percent  of  sample  used  10 

Subsample  size  3 1 2 

Percent  EPT  <1 

Taxa  richness  22 

EPT  richness  1 

Biotic  Index  6.71 

Percent  dominant  taxon  24.68 

Percent  dominance  of  five  dominant  taxa  82.70 

Percent  dominance  often  dominant  taxa  95.20 

Percent  collectors  (gatherers  plus  filterers)  46.15 

Percent  scrapers  plus  shredders  17.31 

Percent  Hydropsychinae  of  Trichoptera  00 

Shannon  H  (log2)  3.03 

Evenness  .68 

BrillouinH  1.99 

Simpson  D  .17 

EPT/Chironomidae  .02 

CTQa  102.27 

Percent  Baetidae  of  Ephemeroptera  100 

%Ephemeroptera  .32 

%Plecoptera  .00 

%Trichoptera  .00 

%Coleoptera                                  •  .32 

%Diptera  5.77 

%Chironomidae  17.62 

Multivoltine  42.95 

Univoltine  56.41 

Semivoltine  .64 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  4               30.13 

Collector-gatherer      1  0              21.15 

Collector-filterer  2               25.00 

Scraper  2               16.99 

Sliredder  1                  .32 


Estimated  total  number  of  organisms  3 1 20 

Jab  sample. 


Macroinvertebrate  Taxonomic  Data 
Redwater  River  2D,  South  of  Circle 

Taxon # % BI  FFG 


1 

0.31 

137 

43.08 

32 

10.06 

5 

1.57 

175 

55.03 

39 

12.26 

39 

12.26 

1 

0.31 

4 

1.26 

5 

1.57 

4 

1.26 

2 

0.63 

6 

1.89 

9 

2.83 

3 

0.94 

•67 

21.07 

79 

24.84 

8 

2.52 

2 

0.63 

1 

0.31 

3 

0.94 

14 

4.40 

318 

100.00 

Lymnaeidae  1  0.31  6  SC 

Physidae  137        43.08  8  SC 

Cladocera  32  10.06  8  CF 

HyaUela  azteca  5  1.57  8  CG 

TOTAL:  MISC.  TAXA 

Coenagrionidae:  Enallagma  39  12.26  7  PR 

TOTAL:  ODONATA 

CaUibaetis 

Caenis 

TOTAL:  EPHEMEROPTERA 

Dytiscidae:  Rhantus 

Haliplus 

TOTAL:  COLEOPTERA 

Ceratopogonidae 

Pericoma 

Simulium 

TOTAL:  DIPTERA 

Cricotopus  Isocladius 

Dicrotendipes 

Micropsectra 

Paratanytarsus 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


9 

CG 

7 

CG 

5 

PR 

5 

SH 

6 

PR 

4 

CG 

5 

CF 

7 

CG 

8 

CG 

4 

CG 

6 

UN 
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Aquatic  Macroinvertebrate  Data:  Redwater  River  2D,  South  of  Circle.  May  26,  1999. 

Percent  of  sample  used  20 

Subsample  size  318 

Percent  EPT  2 

Taxa  richness  16 

EPT  richness  2 

Biotic  Index  7.02 

Percent  dominant  taxon  43.08 

Percent  dominance  of  five  dominant  taxa  89.30 

Percent  dominance  often  dominant  taxa  96.85 

Percent  collectors  (gatherers  plus  filterers)  38.67 

Percent  scrapers  plus  shredders  44.02 

Percent  Hydropsychinae  of  Trichoptera  GO 

Shannon  H  (log2)  2.53 

Evenness  .63 

Brillouin  H  1.67 

Simpson  D  .26 

EPT/Chironomidae                                               •  .36 

CTQa  93.38 

Percent  Baetidae  of  Ephemeroptera  20 

%Epherheroptera  1.57 

%Plecoptera  .00 

%Trichoptera  .00 

%Coleoptera  1.89 

%Diptera  24.84 

%Chironomidae  4.40 

Multivoltine  13.60 

Univoltine  84.51 

Semivoltine  1.89 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  3               16.35 

Collector-gatherer  7                7.54 

Collector-filterer  2               31.13 

Scraper  2               43.39 

Shredder  1                  .63 


Estimated  total  number  of  organisms  398 

Jab  sample. 
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Macroinvertebrate  Taxonomic  Data 

Redwater  River  2F 

Taxon # % BI FFG 

Oligochaeta:  Naididae  2  0.60  10  CG 

Physidae  7  2.H  8  SC 

Gyraulus  1  0.30  8  SC 

Cladocera  2  0.60  8  CF 

Copepoda  2  0.60  8  CG 

Hvallela  azteca  1  0.30  8  CG 

Acari  13  3.92  5  PA 

TOTAL:  MISC.  TAXA 

Coenagrionidae:  Enallagma  16  4.82  7  PR 

Lestidae:  Lestes  1  0.30  9  PR 

TOTAL:  ODONATA 

Caenis  86  25.90  7  CG 

TOTAL:  EPHEMEROPTERA 

Corixidae  "1  0.30  5  UN 

TOTAL:  HEMIPTERA 

Dubiraphia  10  3.01  6  SC 

TOTAL:  COLEOPTERA 

Ceratopogonidae 

Simulium 

TOTAL:  DIPTERA 

Chironomus 

Cricotopus 

Cricotopus  Isocladius 

Glyptotendipes 

Paratanytarsus 

Tanypus 

Tanytarsus 

TOTAL:  CfflRONOMIDAE 

GRAND  TOTAL 


2 

0.60 

7 

2.11 

1 

0.30 

2 

0.60 

2 

0.60 

1 

0.30 

13 

3.92 

28 

8.43 

16 

4.82 

1 

0.30 

17 

5.12 

86 

25.90 

86 

25.90 

"1 

0.30 

1 

0.30 

10 

3.01 

10 

3.01 

29 

8.73 

1 

0.30 

30 

9.04 

3 

0.90 

1 

0.30 

9 

2.71 

10 

3.01 

132 

39.76 

1 

0.30 

4 

1.20 

160 

48.19 

332 

100.00 

6 

PR 

5 

CF 

10 

CG 

7 

CG 

7 

CG 

10 

CG 

6 

UN 

10 

PR 

6 

CF 
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Aquatic  Macroinvertebrate  Data:  Redwater  River  2F  Below  Circle  STP.  May  26,  1999. 

Percent  of  sample  used  10 

Subsample  size  332 

Percent  EPT  26 

Taxa  richness  21 

EPT  richness  1 

Biotic  Index  6.57 

Percent  dominant  taxon  39.76 

Percent  dominance  of  five  dominant  taxa  83.13 

Percent  dominance  often  dominant  taxa  95.17 

Percent  collectors  (gatherers  plus  filterers)  36.42 

Percent  scrapers  plus  shredders  5.42 

Percent  Hydropsychinae  of  Trichoptera  00 

Shannon  H  (log2)  2.74 

Evenness  .62 

BrillouinH                                                           '  1.81 

Simpson  D  .24 

EPT/Chironomidae  .54 

CTQa  106.10 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  25.90 

%Plecoptera  .00 

%Trichoptera  .00 

%Coleoptera  3.01 

%Diptera  9.03 

%Chironomidae  48.18 

Multivoltine  41.27 

Univoltine  55.42 

Semivoltine  3.31 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  4                14.15 

Collector-gatherer  8               34.32 

Collector-filterer  3                2.10 

Scraper  3                5.42 

Shredder  0                 .00 


Estimated  total  number  of  organisms  3320 

20  jabs. 
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Macroinvertebrate  Taxonomic  Data 

Redwater  River  3A  Below  Pasture  Creek 

Taxon  #  %  BI  FFG 


Oligochaeta:  Naididae 

1 

0.34 

10 

CG 

Physidae 

14 

4.73 

8 

SC 

Gyraulus 

2 

0.68 

8 

SC 

HyalJela  azteca 

5 

1.69 

8 

CG 

TOTAL:  MISC.  TAXA 

22 

7.43 

Caeriis 

49 

16.55 

7 

CG 

TOTAL:  EPHEMEROPTERA 

49 

16.55 

Corixidae 

1 

0.34 

5 

UN 

TOTAL:  HEMPTERA 

1 

0.34 

Hydroptila 

1 

0.34 

6 

CG 

TOTAL:  TRICHOPTERA 

1 

0.34 

Dubiraphia 

4 

1.35 

6 

SC 

TOTAL:  COLEOPTERA 

4 

1.35 

Ceratopogonidae 

36 

12.16 

6 

PR 

Simulium 

'l49 

50.34 

5 

CF 

TOTAL:  DIPTERA 

185 

62.50 

Cricotopus  Isocladius 

16 

5.41 

7 

CG 

Dicrotendipes 

1 

0.34 

8 

CG 

Polypedilum 

1 

0.34 

6 

CG 

Pseudochironomus 

12 

4.05 

5 

CG 

Tanylarsus 

3 

1.01 

6 

CF 

Thienemannimyia 

1 

0.34 

5 

PR 

TOTAL:  CHIRONOMIDAE 

34 

11.49 

GRAND  TOTAL 

296 

100.00 
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Aquatic  Macroinvcrtebrate  Data:  Redwater  River  3 A  Below  Pasture  Creek.  May  25,  1999. 

Percent  of  sample  used  25 

Subsample  size  296 

Percent  EPT  17 

Taxa  richness  16 

EPT  richness  2 

Biotic  Index  5.83 

Percent  dominant  taxon  50.34 

Percent  dominance  of  five  dominant  taxa  89.19 

Percent  dominance  of  ten  dominant  taxa  97.97 

Percent  collectors  (gatherers  plus  filterers)  80.41 

Percent  scrapers  plus  shredders  6.76 

Percent  Hydropsychinae  of  Trichoptera  00 

Shannon  H  (log2)  2.39 

Evenness  .60 

BrillouinH                                                          •  1.57 

Simpson  D  .30 

EPT/Chironomidae  1 .47 

CTQa  105.50 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  16.55 

%Plecoptera  .00 

%Trichoptera                         '  .34 

%Coleoptera  1.35 

%Diptera  62.50 

%Chironomidae  1 1 .49 

Multivoltine  8.87 

Univoltine  89.61 

Semivoltine  1.52 


Functional  Feeding  Groups #  taxa  %  abundance 

Predator  ~~  2  12.50 

Collector-gatherer  8  29.06 

Collector-filterer  2  51.35 

Scraper  3  6.76 


Shredder  0  .00 


Estimated  total  number  of  organisms 

20  jabs,  3  feet  each.  90%  bank,  10%  riffle. 
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Macroinvertebrate  Taxonomic  Data 

Redwater  River  3D  Nickwall  Crossing 

Taxon  #  %  Bl  FFG 


Nematoda 

1 

1.04 

5 

OM 

Oligochaeta:  Tubificidae 

15 

15.63 

10 

CG 

TOTAL:  MISC.  TAXA 

16 

16.67 

Ophiogomphus 

7 

7.29 

5 

PR 

Coenagrionidae:  Enallagma 

1 

1.04 

7 

PR 

TOTAL:  ODONATA 

8 

8.33 

Caenis 

17 

17.71 

7 

CG 

TOTAL:  EPHEMEROPTERA 

17 

17.71 

Corixidae 

25 

26.04 

5 

UN 

TOTAL:  HEMPTERA 

25 

26.04 

Cheumatopsyche 

1 

1.04 

5 

CF 

Oecetis 

2 

2.08 

8 

PR 

TOTAL:  TRICHOPTERA 

3 

3.13 

Dubiraphia 

•10 

10.42 

6 

SC 

TOTAL:  COLEOPTERA 

10 

10.42 

Simulium 

11 

11.46 

5 

CF 

TOTAL:  DIPTERA 

11 

11.46 

Cricotopus  Isocladius 

3 

3.13 

7 

CG 

Dicrotendipes 

2 

2.08 

8 

CG 

Thienemannimyia 

1 

1.04 

5 

PR 

TOTAL:  CfflRONOMIDAE 

6 

6.25 

GRAND  TOTAL 

96 

100.00 

• 
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Aquatic  Macroinvertcbrate  Data:  Redwater  River  3D  Nickwall  Crossing.  May  25,  1999. 

Percent  of  sample  used  1 00 

Subsample  size  96 

Percent  EPT  22 

Taxa  richness  1 3 

EPT  richness  3 

Biotic  Index  6.45 

Percent  dominant  taxon  26.04 

Percent  dominance  of  five  dominant  taxa  8 1 .26 

Percent  dominance  often  dominant  taxa                                                 96.88 

Percent  collectors  (gatherers  plus  filterers)  51.05 

Percent  scrapers  plus  shredders  1 0.42 

Percent  Hydropsychinae  of  Trichoptera  33 

Shannon  H  (log2)  •                              3.00 

Evenness  .81 

BrillouinH  1.89 

Simpson  D  '                                        .15 

EPT/Chironomidae  3.33 

CTQa  100.77 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  17.71 

%Plecoptera  .00 

%Trichoptera  3.12 

%Coleoptera  10.42 

%Diptera  11.46 

%Chironomidae  6.25 

Multivoltine  5.99 

Univoltine  68.49 

Semivoltine  25.52 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  4               1 1 .45 

Collector-gatherer  4               38.55 

Collector- filterer  2               12.50 

Scraper  1                10.42 

Shredder  0                 .00 


Estimated  total  number  of  organisms  96 

20  jabs.  3  ft.  sweep.  70%  banks,  30%  riffle. 
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Aquatic  Macroinvertebrate  Data:  East  Fork  Redwater  River,  Site  3EF.  May  26,  1999. 


Percent  of  sample  used 
Subsample  size 


90 
298 


Percent  HPT 

Taxa  richness 

EFT  richness 

Biotic  Index 

Percent  dominant  taxon 

Percent  dominance  of  five  dominant  taxa 

Percent  dominance  often  dominant  taxa 

Percent  collectors  (gatherers  plus  filterers) 

Percent  scrapers  plus  shredders 

Percent  Hydropsychinae  of  Trichoptera 


10 
12 
1 

5.32 
84.90 
97.32 
99.35 
97.33 

1.01 
00 


Shannon  H  (log2) 

Evenness 

Brillouin  H 

Simpson  D 

EPT/Chironomidae 

CTQa 

Percent  Baetidae  of  Ephemeroptera 


.93 
.26 

.59 

.73 
3.22 
105.00 
0 


• 


%Ephe  meroptera 

%Plecoptera 

%Trichoptera 

%Coleoptera 

%Diptera 

%Chironomidae 


9.73 

.00 

.00 

.00 

85.24 

3.04 


Multivoltine 

Univoltine 

Semivoltine 


2.27 

97.73 

.00 


Functional  Feeding  Groups 


#  taxa    %  abundance 


Predator 

Collector-gatherer 

Collector-filterer 

Scraper 

Shredder 


2 
7 
1 
1 
0 


.68 

12.43 

84.90 

1.01 

.00 


Estimated  total  number  of  organisms 
Estimated  number  collected  per  foot 
Estimated  number  collected  per  minute 


331 

11 

331 
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MacroinvertebrateTaxonomic  Data 

East  Fork  Redwater  River  3EF 

Taxon # % BI FFG 

8  SC 

8  CG 

7  PR 

7  CG 


Physidae 

3 

1.01 

Hyallela  azteca 
TOTAL:  MISC.  TAXA 

2 
5 

0.67 
1.68 

Coenagrionidae:  Enallagma 
TOTAL:  ODONATA 

1 

1 

0.34 
0.34 

Caenis 

29 

9.73 

TOTAL:  EPHEMEROPTERA 

29 

9.73 

Ceratopogonidae 

Simulium 

1 
253 

0.34 
84.90 

TOTAL:  DIPTERA 

254 

85.23 

Chironomus 

1 

0.34 

Cricotopus  Isocladius 
Dicrotendipes 

2 

1 

0.67 
0.34 

Gl>ptotendipes 
Paratanytarsus 
Pseudochironomus 

1 

.3 
1 

0.34 
1.01 
0.34 

TOTAL:  CHIRONOMIDAE 

9 

3.02 

GRAND  TOTAL 

298 

100.00 

6 

PR 

5 

CF 

10 

CG 

7 

CG 

8 

CG 

10 

CG 

6 

UN 

5 

CG 
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MacroinvertebrateTaxonomic  Data 

Redwater  River  3F 

Taxon  #  %  BI  FFG 


Oligochaeta:  Naididae 

3 

1.14 

Physidae 

1 

0.38 

Gyraulus 

1 

0.38 

Hyallela  azteca 

2 

0.76 

Acari 

6 

2.28 

TOTAL:  MISC.  TAXA 

13 

4.94 

Coenagrionidae:  Enallagma 

21 

7.98 

TOTAL:  ODONATA 

21 

7.98 

Caenis 

95 

36.12 

Ephemeridae:  Hexagenia 

8 

3.04 

TOTAL:  EPHEMEROPTERA 

103 

39.16 

Corixidae 

81 

30.80 

TOTAL:  HEMIPTERA 

81 

30.80 

Oecetis 

5 

1.90 

Polycentropus 

■1 

0.38 

TOTAL:  TRICHOPTERA 

6 

2.28 

Dubiraphia 

12 

4.56 

TOTAL:  COLEOPTERA 

12 

4.56 

Simulium 

2 

0.76 

TOTAL:  DIPTERA 

2 

0.76 

Cricotopus  Isocladius 

1 

0.38 

Dicrotendipes 

1 

0.38 

Larsia 

1 

0.38 

Paratanytarsus 

8 

3.04 

Pseudochironomus 

14 

5.32 

TOTAL:  CfflRONOMDAE 

25 

9.51 

GRAND  TOTAL 

263 

100.00 

10 

CG 

8 

SC 

8 

SC 

8 

CG 

5 

PA 

7  PR 

7  CG 

4  CG 

5  UN 


8 

PR 

6 

PR 

6 

SC 

5 

CF 

7 

CG 

8 

CG 

6 

PR 

6 

UN 

5 

CG 
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Aquatic  Macroinvcrtcbrate  Data:  Redwater  River  Site  3F.  May  26,  1999. 

Percent  of  sample  used  100 

Subsample  size  263 

Percent  EPT  41 

Taxa  richness  18 

EPT  richness  4 

Biotic  Index  6.1 1 

Percent  dominant  taxon  36. 1 2 

Percent  dominance  of  five  dominant  taxa  84.78 

Percent  dominance  often  dominant  taxa  96.18 

Percent  collectors  (gatherers  plus  filterers)  47.90 

Percent  scrapers  plus  shredders  5.32 

Percent  Hydropsychinae  of  Trichoptera  00 

Shannon  H  (log2)  2.68 

Evenness  .64 

Brillouin  H  1.75 

Simpson  D                                                           '  .24 

EPT/Chironomidae  4.36 

CTQa  96.78 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  39.16 

%Plecoptera  .00 

%Trichoptera  2.28 

%Coleoptera  4.56 

%Diptera  .76 

%Chironomidae  9.50 

Multivoltine  9.60 

Univoltine  83.75 

Semivoltine  6.65 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  4                10.64 

Collector-gatherer  7               47.14 

Collector-filterer  1                   .76 

Scraper  3                 5.32 

Sliredder  0                  .00 

Estimated  total  number  of  organisms  263 

Estimated  number  collected  per  foot  9 

Estimated  number  collected  per  minute  263 
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INTRODUCTION 

Benthic  assemblages  are  aptly  applied  to  aquatic  bioassessment  since  they 
are  known  to  be  important  indicators  of  stream  ecosystem  health  (Hynes  1970.)  Long 
lives,  complex  life  cycles  and  hmited  mobility  mean  that  there  is  ample  time  for  the 
benthic  community  to  respond  to  cumulative  effects  of  environmental  perturbations. 
Multimetric  approaches  to  bioassessment  use  attributes  of  the  assemblage  in  an  integrated 
way  to  measure  overall  biotic  condition. 

The  additive  multunetric  approach  designed  by  Plafkin  et  al.  (1989)  and  adapted 
for  use  in  the  State  of  Montana  has  been  defined  as  "...  an  array  of  measures  or  metrics 
that  individually  provide  information  on  diverse  biological  attributes,  and  when 
integrated,  provide  an  overall  indication  of  biological  condition."  (Barbour  et  al.  1995). 
Community  attributes  that  can  contribute  meaningfully  to  interpretation  of  benthic  data 
include  assemblage  structure,  sensitivity  of  community  members  to  stress  or  pollution, 
and  functional  traits.  Each  metric  component  contributes  an  independent  measure  of  the 
biotic  integrity  of  a  stream  site;  combining  the  components  into  a  total  score  reduces 
variance  and  increases  precision  of  the  assessment.  (Fore  et  al.  1995).  Effectiveness  of 
the  integrated  metrics  depends  on  the  apphcability  of  the  underlying  model,  which  rests 
on  a  foundation  of  three  essential  elements  (BoUman  1998).  The  first  element  is  an 
appropriate  stratification  or  classification  of  stream  sites,  typically,  by  ecoregion.  Second, 
metrics  must  be  selected  based  upon  their  ability  to  accurately  express  biological 
condition.  Third,  an  adequate  assessment  of  habitat  conditions  at  each  site  to  be  studied 
must  be  done,  to  assist  in  the  mterpretation  of  metric  outcomes. 

This  report  summarizes  data  collected  in  1998  from  the  Teton  River  and  its  North 
Fork,  by  means  of  a  multimetric  method,  an  adaptation  of  the  U.S.  EPA's  Rapid 
Bioassessment  Protocols  (RBP  III)  (Plafkin  et  al.  1989).  Macroinvertebrates  were 
collected  at  eight  sites  from  the  mouth  of  the  river  to  the  North  Fork,  encompassing  a 
great  deal  of  the  length  of  the  river,  and  extending  through  two  ecoregions.  The  lower 
river  passes  through  the  Plams  ecoregions,  and  the  upper  river  and  the  North  Fork  site  are 
located  in  the  Montana  Valleys  and  Foothill  Prairies  (MVFP)  ecoregion. 

Metric  selection  for  this  study  is  partly  based  on  the  recommendations  found  in 
the  standard  operating  procedures  for  macroinvertebrate  sampling  and  analysis  of  the 
Montana  Department  of  Environmental  Quahty  (MT  DEQ)  (Bukantis  1998).  Implicit  in 
the  multimetric  method  and  its  associated  habitat  assessment  is  an  assumption  of 
correlative  relationships  between  habitat  parameters  and  the  biotic  metrics,  in  the  absence 
of  water  quality  impairment.  These  relationships  may  vary  regionally,  requiring  an 
examination  of  habitat  assessment  elements  and  biotic  metrics  and  a  test  of  the  presumed 
relationship  between  them.  Assurance  of  the  validity  of  association  between  habitat 
parameters  and  biotic  metrics  is  particularly  compelling  in  the  two  ecoregions  through 
which  the  Teton  River  flows,  since  impairment  of  the  biotic  health  of  rivers  in  these  two 
regions  is  generally  the  result  of  non-point  sources.  Agricultural  activities,  including 
cattle  grazing  and  flow  alteration,  are  predominant  causes  of  stream  degradation.  The 
benthic  assemblages  of  the  Plains  ecoregions  and  the  performance  of  bioassessment 
metrics  have  not  yet  been  examined  thoroughly  enough  to  determine  whether  or  not  the 
individual  metrics  or  their  integrated  scores  can  discriminate  impaired  conditions  from 
good  biotic  health.  BoUman  (1998)  has  recently  studied  the  assemblages  of  the  Montana 
Valleys  and  Foothill  Prairies  ecoregion,  and  has  recommended  a  battery  of  metrics 


specific  to  that  ecoregion,  which  has  been  shown  to  be  sensitive  to  impairment,  related  to 
habitat  assessment  parameters,  and  consistent  over  replicated  samples. 

Habitat  assessment  enhances  the  interpretation  of  biological  data  (Barbour  and 
Stribling  1991),  because  there  is  generally  a  direct  response  of  the  biological  community 
to  habitat  degradation  in  the  absence  of  water  quality  impairment.  If  biotic  health  appears 
more  damaged  than  the  habitat  quality  would  predict,  water  pollution  by  metals,  other 
toxicants,  or  high  levels  of  organic  and/or  nutrient  pollution  might  be  suspected.  On  the 
other  hand,  an  "artificial"  elevation  of  biotic  condition  in  the  presence  of  habitat 
degradation  may  be  due  to  the  paradoxical  effect  of  mild  nutrient  or  organic  enrichment 
in  an  oligotrophic  setting.  Habitat  assessment  data  is  even  more  important  in  the  Plains 
ecoregions,  where  the  relationships  between  habitat  variables  and  benthic  community 
characteristics  remain  largely  unknown. 

METHODS 

Aquatic  macroinvertebrates  were  sampled  by  personnel  of  the  Montana 
Department  of  Environmental  Quality  (MT  DEQ)  from  eight  sites  on  the  Teton  River  and 
its  North  Fork.  Three  sites  lay  in  the  Montana  Valleys  and  Foothill  Prairies  ecoregion  and 
five  sites  lay  in  the  Plains  ecoregions.  Sampling  sites  were  numbered  and  described  as 
shown  in  Table  1 . 


Table  1.  Identification  information  for  macroinvertebrate  samples  from  the  Teton  River,  July  and  August, 
1998.  Sites  are  numbered  from  the  most  downstream  location  to  the  most  upstream  location. 


ecoregion 

DEQ  site 
number 

site  location 

date  sampled 

Plains 

8B 

Teton  River  at  Loma, 
above  bridge  near  mouth 

8/4/98 

Plains 

lOB 

Teton  River  at  Dent 
Bridge 

8/4/98 

Plains 

IIB 

Teton  River  at  Ken- 
Bridge,  at  USGS  gauging 
station 

8/4/98 

Plains 

12B 

Teton  River  at  1-15, 
below  rest  stop 

8/5/98 

Plains 

MB 

Teton  River  at  Highway 
221  bridge 

8/5/98 

Montana  Valleys  and 
Foothill  Prairies 

Teton  2 

Teton  River  at  Breen's 
Ranch,  above  diversion 

7/23/98 

Montana  Valleys  and 
Foothill  Prairies 

Teton  1 

Teton  River  at  gauge 
station  at  bridge,  below 
confluence  of  North  and 
South  Forks 

7/20/98 

Montana  Valleys  and 
Foothill  Prairies 

N.  Fk.  Teton  1 

North  Fork  Teton  River 
near  mouth  on  Abbott's 
land 

7/22/98 

In  addition  to  macro  invertebrate  sample  collection,  habitat  quality  was  visually 
evaluated  at  each  site  and  reported  by  means  of  the  habitat  assessment  protocols 
recommended  by  Bukantis  (1998).  Macro  invertebrate  samples  and  associated  habitat  data 
were  deUvered  to  Rhithron  Biological  Associates,  Missoula,  Montana,  for  laboratory  and 
data  analyses. 

In  the  laboratory,  the  RBP  EI  sorting  method  was  used  to  obtain  subsamples  of 
300  (+/-  10%)  organisms  from  each  sample.  Community  structure,  function,  and 
sensitivity  to  impact  were  characterized  for  each  subsample  using  two  methods 
prescribed  by  MT  DEQ  (Bukantis  1998)  for  Plains  ecoregions  sites,  and  three  methods 
for  Montana  Valleys  and  Foothill  Prairies  sites.  First,  Plains  sites'  (sites  8B,  lOB,  1  IB, 
12B,  and  14B)  data  were  evaluated  using  the  Plains  ecoregions  reference.  In  this 
approach,  benthic  community  attributes  were  compared  to  reference  criteria  established 
by  MT  DEQ  for  streams  of  both  Plains  ecoregions  in  the  State,  namely  the  Northwestern 
Great  Plains  and  the  Northwestern  Glaciated  Plains  (Omemik  et  al.  1997).  The 
ecoregional  reference  approach  for  the  Plains  ecoregions  uses  ten  metrics  (Bukantis 
1998).  In  the  second  approach,  an  internal  reference  was  established  for  Plains  sites  on 
the  Teton  River:  a  reference  value  for  each  of  the  ten  metrics  was  established  based  on 
the  performance  of  the  metrics  at  Plains  sites.  The  best  value,  if  appropriate  for  the 
analysis,  was  chosen  as  the  point  of  comparison  for  each  metric  used.  In  some  cases,  best 
values  represented  unrealistic  reference  values;  in  such  cases,  more  appropriate  actual 
values  were  chosen.  Scoring  criteria  for  the  internal  reference  followed  the  system 
devised  by  Bollman  (1996).  Similar  approaches  were  used  for  sites  located  in  the 
Montana  VaUeys  and  Foothill  Prairies  ecoregion  (Teton  2,  Teton  1  and  N.Fk.  Teton  1): 
data  were  compared  to  the  appropriate  ecoregional  reference  criteria  recommended  by 
Bukantis  (1998)  and  then  to  the  internal  reference  estabhshed  specifically  for  the  Teton 
River  sites  located  within  the  valleys  and  foothill  prairies.  The  ecoregional  reference  and 
internal  reference  metric  battery  for  these  sites  is  comprised  of  eight  metrics.  Finally,  for 
these  three  sites,  a  revised  metric  battery  and  scoring  criteria,  developed  for  the  Montana 
VaUeys  and  Foothill  Prairies  by  Bollman  (1998)  and  utilizing  six  metrics,  was  appUed. 

For  all  of  these  analyses,  actual  metric  values  were  compared  to  the  appropriate 
reference  values  to  obtain  metric  scores.  Bio  integrity  was  estimated  as  the  combined 
score  for  all  metrics  expressed  as  a  percentage  of  the  maximum  possible  score.  As  a 
result  of  the  alternative  approaches  used  here,  two  bioassessment  scores  are  reported  for 
the  sites  in  the  Plains  ecoregions,  and  three  are  reported  for  the  sites  in  the  Montana 
Valleys  and  Foothill  Prairies  ecoregion. 

RESULTS 

Habitat  assessments 

I.  Plains  ecoregions  sites 

Figure  1  compares  habitat  assessment  results  for  the  five  Plains  ecoregions  sites. 
Stream  morphology  was  reported  to  be  predominantly  composed  of  glide/pool  conditions 
at  the  four  lowermost  sites;  riffle/run  predominance  was  reported  at  the  Highway  221 
bridge  site,  so  two  different  habitat  assessment  protocols  were  used  for  evaluating  these 
sites.  Breakdown  of  total  scores  into  the  ten  evaluated  parameters  is  presented  in  Tables 
2a  and  2b. 


Figure  1.  Total  habitat  assessment  scores  for  five  Plains  ecoregions  sites  on  the  Teton  River,  August  1998. 
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Marginal  habitat  conditions  were  noted  at  Dent  bridge,  which  received  the  lowest 
total  habitat  assessment  score  of  the  sites  studied.  Numerous  factors  were  perceived  to 
contribute  to  degraded  conditions  here,  including  major  sediment  deposition  and 
monotonous  benthic  substrate  in  both  runs  and  pools,  likely  consequences  of  channel 
downcutting  and  its  resultant  vertical,  unvegetated  and  unstable  streambanks.  Together 
with  the  apparent  lack  of  instream  habitat,  extensive  large-scale  channel  alteration  was 
reported  as  well,  with  associated  changes  to  sinuosity.  Riparian  vegetative  influences  to 
the  benthic  community  appeared  to  be  largely  lost  due  to  isolation  of  the  channel  from  the 
nearstream  vegetated  zone,  attributable  to  downcutting,  which  in  turn  may  be  a  result  of 
channelization.  Instream  flow  was  also  reported  to  be  moderately  compromised,  perhaps 
by  upstream  diversions. 

Sites  at  Loma  and  at  Kerr  bridge  were  noted  to  have  sub-optimal  habitat 
conditions.  At  Loma,  near  the  river's  mouth,  instream  habitat  appeared  to  be  limited  in 
runs,  where  packed  sand  and  gravel  predominated,  but  seemed  to  be  optimal  in  pools. 
However,  pools  occurred  only  infrequently.  These  observations  are  consistent  with  the 
major  sediment  deposition  also  reported  at  this  site.  Mild  to  moderately  eroded 
streambanks  with  obvious  disruption  to  vegetation  are  potential  sources  of  the  sediment. 
Flow  conditions  at  this  site  were  perceived  to  be  sub-optimal,  with  recent  rain 
contributions.  Some  channelization  due  to  the  placement  of  the  highway  was  present 
upstream  of  the  sample  area,  but  was  not  considered  recent.  The  riparian  vegetative  zone 
width  was  noted  to  be  optimal,  but  downcutting  of  the  stream  channel  may  isolate  the 
benthos  from  riparian  influences. 
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At  Kerr  bridge,  fine  sediment  deposition  was  perceived  to  be  less  of  a  problem 
than  at  the  other  two  sites;  particle  size  classes  were  noted  to  be  more  variable  than  at 
Loma  or  at  Dent  bridge.  Pool  variability  and  substrate  received  marginal  scores,  however. 
Bank  stability  was  reported  to  be  better  here  than  at  lower  sites,  with  sub-optimal 
vegetative  protection.  Channelization  was  perceived  to  Umit  the  potential  of  the  river  at 
this  site,  and  possibly  resulted  in  the  observed  channel  downcutting  which  isolated  the 
riparian  vegetative  zone  from  the  stream.  Instream  water  retention  received  a  sub-optimal 

score. 

At  the  Interstate  highway,  the  patterns  of  habitat  degradation  were  perceived  to  be 
similar  to  those  noted  at  downstream  sites;  downcutting,  perhaps  a  result  of  extensive 
channel  alteration,  major  fine  sediment  deposition  and  monotonous  benthic  substrate 
were  reported  as  the  predominant  characteristics  of  the  river  at  this  site.  Riparian 
influence  was  limited  to  stream  sides  on  inside  of  meanders,  with  moderately  unstable 
vertical  banks  isolating  riparian  vegetation  from  the  charmel  on  outside  curves.  Overall 
habitat  score  for  the  site  gave  it  a  sub-optimal  classification. 

The  site  at  the  Highway  221  bridge  was  the  only  Plains  site  with  riffle/run 
prevalence;  habitat  was  therefore  evaluated  differently  here  than  at  the  other  Plains 
ecoregions  sites.  Despite  this,  similar  impacts  were  reported.  Channel  downcutting, 
moderately  unstable  vertical  streambanks  with  disrupted  vegetative  protection  and  severe 
sediment  deposition  characterized  habitat  at  this  site.  Wide  zones  of  riparian  vegetation 
were  noted  to  be  present  beyond  the  eroding  streambanks.  Habitat  was  judged  marginal 
here. 

II.  Montana  Valleys  and  Foothill  Prairies  sites 

Figure  2  compares  habitat  assessment  results  for  the  three  Montana  Valleys  and 
Foothill  Prairies  ecoregion  sites.  Stream  morphology  was  reported  to  be  predominantly 
composed  of  riffle/run  conditions  at  these  sites.  Breakdown  of  total  scores  into  the  nine 
evaluated  parameters  is  presented  in  Table  3. 

At  sites  above  Choteau,  habitat  assessment  scores  improved  in  an  upstream 
direction.  Marginal  conditions  at  Breen's  were  attributable  to  poor  streambank  stability, 
associated  with  a  loss  of  both  vegetative  protection  and  riparian  zone  influence  due  to 
downcutting.  On-going  channel  alteration  and  heavy  equipment  operation  with  the 
purpose  of  maintaining  berms  to  separate  the  channel  from  an  irrigation  ditch  may  be  a 
factor  in  the  addition  of  heavy  deposits  of  gravel  and  cobble  into  the  channel,  practically 
obliterating  pools.  Marginal  flow  conditions  were  reported  to  worsen  below  the  irrigation 
diversion. 

Farther  upstream,  the  site  at  the  gauging  station  was  judged  to  have  sub-optimal 
habitat  conditions.  Instream  parameters  were  scored  optimally,  while  larger-scale  channel 
morphology  was  perceived  to  be  of  marginal  quality,  with  an  essentially  straight  channel 
capable  of  scouring  flows  resulting  in  a  loss  of  smaller  size  classes  of  substrate  particles, 
including  spawning  gravels  for  fish.  Marginal  flow  conditions  were  noted,  with  recent 
exposure  of  substrate  stranding  some  glossosomatid  caddisflies.  Bank  stability  was 
perceived  to  be  mildly-to-moderately  unstable,  with  loss  of  vegetative  cover. 

Optimal  conditions  were  reported  at  the  most  upstream  site,  on  the  North  Fork  of 
the  Teton  River.  Some  sediment  deposition  was  noted,  but  the  bars  thus  formed  were 


being  colonized  by  riparian  vegetation.  Mild  bank  vegetation  disruption  was  noted,  and 
one  side  was  perceived  to  have  sub-optimal  riparian  vegetative  width. 


Figure  2.  Total  habitat  assessment  scores  for  three  Montana  Valleys  and  Foothill  Prairies  ecoregion  sites 
on  the  Teton  River,  July  1998. 


At  Breen's 


Gauging  station 


North  Fork 


Table  3.  Stream  and  riparian  habitat  assessment:  Teton  RivCT,  Montana  Valleys  and  Foothill  Prairies 
ecoregion  sites.  July  1998.  Protocol  for  rifQe/run  prevalence  was  used  (Bukantis  1998). 


Max. 

possible 

score 

Parameter 

At  Breen's 

At  gauging 
station 

North  Fork 

10 

10 

20 

20 

20 

20 

20 
10/10 
10/10 

riffle  development 

substrate  development 

embeddedness 

channel  alteration 

sediment  deposition 

flow  status 

bank  stability  (right/left) 

bank  vegetative  cover  (right/lefl) 

riparian  width  (right/left) 

9 
8 
16 
6 

3 
6 

2/2 
2/2 
2/2 

10 

9 

20 

9 

6 

7 
6/2 
3/3 
8/3 

10 

10 

20 

19 

15 

17 
9/9 
8/9 
8/10 

160                                                                   TOTAL: 
PERCENT  OF  MAXIMUM: 

60 

37.5 

89 
56 

144 
90 

CONDlllON': 

MARGINAL 

SUB- 
OKIIMAL 

OFIIMAL 

1.  Condition  categories:  Optimal  >  81%  of  maximum  score;  Sub-optimal  75  -  56%;  Marginal  49  -  29%;  Poor  <23%. 


Bioassessments 

Macroinvertebrate  taxa  lists,  metric  results  and  other  information  for  each  sample 
are  given  in  the  Appendix. 

1.  Plains  ecoregions  sites:  The  Plains  ecoregions  reference 

Figure  3  compares  total  bioassessment  scores  from  integrated  and  summed 
metrics  using  the  Plains  ecoregional  reference  scoring  criteria.  Table  4  summarizes  this 
method  and  criteria.  Breakdown  of  values  and  scores  for  each  metric  is  presented  in 
Table  5. 


Figure  3.  Total  bioassessment  score  based  on  the  Plains  ecoregional  reference.  Teton  River  sites  below 
Choteau,  Montana.  August  1998. 
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Table  4.  Metrics  and  scoring  criteria  for  Plains  ecoregions  streams  (Bukantis  1998). 


Scoring  Criteria 

metric 

3 

2                           1 

0 

Taxa  richness 

>24 

24-18                  18-12 

<12 

EPT  riciiness 

>8 

8-6                     5-3 

<3 

Biotic  index 

<5 

5-6                     6-7 

>7 

%  dominant  taxon 

<30 

30-45                 45-60 

>60 

%  collector  (gatherers  +  filterers) 

<60 

60  -  80                 80  -  95 

>95 

%EPT 

>50 

50-30                 30-10 

<10 

Shannon  diversity 

>3.0 

3.0-2.4              2.4-1.8 

<1.8 

%  scrapers  +  shredders 

>30 

30-15                  15-3 

<3 

Predator  taxa  richness 

>5 

4-5                     3-4 

<3 

%  multivoltine 

<40 

40  -  60                 60  -  80 

>80 

Table  5.  Metric  values,  scoring  and  bioassessments  based  on  Plains  ecoregions  reference.  Teton  River. 
August  1998. 


metric 

At  Loma 

Dent  bridge 

Kerr  bridge 

At  1-15 

Hwy.221 
bridge 

Taxa  richness 

20 

11 

21 

26 

24 

EPT  richness 

12 

5 

13 

18 

12 

Biotic  index 

2.58 

4.35 

4.01 

4.58 

4.43 

%  dominant  taxon 

81 

39 

22 

26 

29 

%  collector  (G+1'1') 

95 

94 

66 

72 

79 

%EPT 

93 

58 

85 

88 

83 

Shannon  diversity 

1.36 

2.86 

3.52 

3.38 

3.21 

%  scraper  +  shredder 

1 

0 

18 

24 

14 

Predator  tasa  richness 

6 

2 

5 

5 

3 

%  multivoltine 

3 

16 

10 

11 

18 

scores 

Taxa  richness 

2 

0 

2 

3 

2 

EPT  richness 

3 

1 

3 

3 

3 

Biotic  index 

3 

3 

3 

3 

3 

%  dominant  taxon 

0 

2 

3 

3 

3 

%  collector  (G+FF) 

1 

1 

2 

2 

2 

%EPT 

3 

3 

3 

3 

3 

Shannon  diversity 

0 

1 

3 

3 

3 

%  scraper  +  shredder 

0 

0 

2 

2 

1 

Predator  taxa  richness 

3 

0 

2 

2 

1 

%  multivoltine 

3 

3 

3 

3 

3 

Total  score  (max. =30) 

18 

14 

26 

27 

24 

percent  of  maximum 

60 

47 

87 

90 

80 

classification ' 

SLI 

MOD 

NON 

NON 

SLI 

use  support  ^ 

PART 

PART 

FULL 

FULL 

FUT.T, 

'See Table  6b.  NON 
^  See  Table  6a. 


=  ncaiimpaired,  SLI  =  slightly  impaired,  MOD  =  moderately  impaired,  SEV  = 

severely  impaired. 
FULL  =  full  support,  PARTL\L  =  partial  support,  NON!  =  non-support. 


10 


Criteria  for  the  assignment  of  impairment  classifications  and  use  support 
designations  are  shown  in  Table  6.  These  same  criteria  are  applied  to  total  metric  scores 
regardless  of  the  bioassessment  protocol  used. 

The  Teton  River  site  below  the  interstate  highway  (1-15)  received  the  highest 
bioassessment  score  of  any  of  the  five  Plains  ecoregions  sites,  and  was  classified  as  non- 
impaired.  Compared  to  the  Plains  ecoregions  reference,  non-impaired  biotic  health  was 
also  assessed  at  the  Kerr  bridge  site.  Both  of  these  sites  were  designated  as  fiilly 
supporting  their  use  categories.  Slight  impairment  was  scored  at  both  the  Loma  site, 
which  was  the  lowermost  of  the  Plains  ecoregions  sites,  and  at  the  Highway  221  bridge, 
which  was  the  uppermost  Plains  site.  While  the  use  support  designation  at  Loma  was 
partial,  it  was  full  at  the  uppermost  site.  The  site  at  Dent  bridge  received  the  lowest  score 
of  the  five  Plains  sites,  with  scores  indicating  moderate  impairment  and  partial  use 
support,  compared  to  ecoregional  reference  conditions. 


Table  6a.  Criteria  for  the  assignment  of  support  classifications  /  standards  violation  thresholds  (from 
Bukantis,  1998) 

%  Comparability  to  reference 

Use  support 

>75 

25-75 

<25 

Full  support-standards  not  violated 

Partial  support—moderate  impairment— standards 

violated 

Non-support— severe  impairment— standards  violated 

Table  6b.  Criteria  for  the  assignment  of  impairment  classifications  (from  Plafldn  et  al.  1989). 

%  Comparability  to  reference 

Classification 

>83 
54-79 
21-50 
<17 

non  impaired 
slightly  impaired 
moderately  impaired 
severely  impaired 

2.  Plains  ecoregions  sites:  The  Teton  River  internal  reference 

When  compared  only  with  each  other  by  means  of  the  internal  reference,  the 
Plains  ecoregions  streams  in  this  study  generally  receive  scores  similar  to  those  they 
received  when  compared  to  streams  across  the  Plains  ecoregions.  As  before,  the  highest 
total  bioassessment  score  was  assigned  to  the  site  at  the  interstate  highway,  which  was 
considered  non-impaired  and  fully  supporting  its  use  classification,  and  the  lowest  score 
was  assigned  to  the  Dent  bridge  site,  which  was  considered  moderately  impaired  and 
partially  use-supporting.  Only  the  uppermost  site  of  the  five,  at  the  Highway  221  bridge, 
received  a  different  impah-ment  classification;  using  the  internal  reference,  this  site  was 
classified  as  non- impaired.  Figure  4  compares  total  bioassessment  scores  of  the  Plains 
sites  when  metric  values  were  compared  to  the  internal  reference.  Table  6  shows  the 
values  for  the  Teton  River  internal  reference  and  its  scoring  criteria.  Table  7  shows  the 
scoring  and  bioassessments  for  benthic  assemblages  of  the  Plains  sites. 
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The  Teton  River  internal  reference  was,  in  some  regards,  a  more  stringent 
assessment  of  biotic  health  for  the  Plains  ecoregions  sites  on  the  river.  Some  important 
metrics,  such  as  taxa  richness,  EPT  richness  and  percent  multivoltine  taxa  were  "set" 
higher  as  internal  reference  criteria  than  they  were  in  the  MT  DEQ  Plains  ecoregions 
criteria.  This  suggests  that  the  Teton  River  has  excellent  potential  for  biotic  health  if 
habitat  and  water  quality  degradation  were  to  be  controlled  or  reversed. 

Figure  4.  Total  bioassessment  scores  based  on  Teton  River  intoTial  reference.  Plains  ecoregions  sites. 
August  1998. 


AtLoma       Dent  bridge     Kerr  bridge         At  1-15 


Hwy.221 
bridge 


Table  7.  Internal  reference  values  and  tentative  criteria  for  assigning  scores  to  metrics  based  on  percait 
comparability  to  reference  values  (from  Bollman  1997). 


metric 

Teton  River                                         Scoring  critericT 
reference  1998'              3                 2                 1 

0 

« 

Taxa  richness 

26                  >85%         85-75% 

75-60% 

<60% 

a 

EPT  richness 

18                  >80%         80-50% 

50-35% 

<35% 

a 

Biotic  bdex 

4.24                 >90%         90-80% 

80-70% 

<70% 

b 

%  dominant  taxon 

26                   >75%         75-60% 

60-50% 

<50% 

b 

%  collector  (G+FF) 

66                   >90%         90-75% 

75-60% 

<60% 

b 

%EPT 

88                   >85%         85-75% 

75-40% 

<40% 

a 

Shannon  diversity 

3.52                 >90%         90-80% 

80-70% 

<70% 

a 

%  scrapers  +  shredders 

24                  >70%         70-50% 

50-25% 

<25% 

a 

Predator  taxa  richness 

5                   >60%         60-50% 

50-40% 

<40% 

a 

%  multivoltine 

10                   >35%         35-25% 

25-15% 

<15% 

b 

1.     Internal  reference  values  are  the  "best"  appropriate  values  among  those  calculated  from  1998  Teton 

River,  Plains  ecoregions  sites. 

2.     Scoring  criteria  are  based  on  an  analysis  of  metric  ranges  for  1 7  Plains  ecoregions 

sites  in  four 

years  of 

data  collected  by  the  Montana  Department  of  Environmental  Quality 

*a  =  score  is  ratio  of  study  site  value  to  reference  value  x  100 

*b  =  score  is  ratio  of  reference  value  to  study  site  value  x  100 
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Table  8.  Metric  scores  and  bioassessments  based  on  Teton  Ri 
ecoregions  sites.  August  1998. 

ver  internal  reference  criteria.  Plains 

metric 

At  Loma 

Dent  bridge 

Kerr  bridge 

At  1-15 

Hwy.221 
bridge 

Taxa  richness 

2 

0 

2 

3 

3 

EFT  richness 

2 

0 

2 

3 

2 

Biotic  index 

3 

3 

3 

3 

3 

%  dominant  tason 

0 

2 

3 

3 

3 

%  coUector  (G+FF) 

1 

1 

3 

3 

2 

%EPT 

3 

1 

3 

3 

3 

Shannon  diversity 

0 

2 

3 

3 

3 

%  scraper  +  shredder 

0 

0 

3 

3 

2 

Predator  taxa  richness 

3 

1 

3 

3 

2 

%  multivoltine 

3 

3 

3 

3 

3 

Total  score  (max.=30) 

17 

13 

28 

30 

26 

percent  of  maximum 

57 

43 

93 

100 

87 

classification ' 

SLI 

MOD 

NON 

NON 

NON 

use  support  ^ 

PART 

PART 

FULL 

FULL 

FULL 

'See  Table  6b.  NON 
^  See  Table  6a. 


=  nonimpaired,  SLI  =  slightly  impaired,  MOD  =  moderately  impaired,  SEV  ■■ 

severely  impaired. 
FULL  =  full  support,  PARTIAL  =  partial  support,  NON!  =  non-support. 


3.  Montana  Valleys  and  Foothill  Prairies  sites:  The  MVFP  ecoregion 
reference 

Figure  5  compares  total  bioassessment  scores  from  integrated  and  summed 
metrics  using  the  Montana  Valleys  and  Foothill  Prairies  ecoregional  reference  scoring 
criteria.  Table  9  summarizes  this  method  and  criteria.  Breakdown  of  values  and  scores  for 
each  metric  is  presented  in  Table  10. 

The  uppermost  site,  on  the  North  Fork  of  the  Teton  River,  received  the  highest 
bioassessment  score  and  was  classified  as  non-impaired.  Compared  to  streams  around  the 
Montana  Valleys  and  Foothill  Prairies  ecoregion,  the  site  at  the  gauging  station  was 
slightly  impaired.  The  bioassessment  score  at  the  North  Fork  site  indicated  foil  support  of 
uses,  while  the  site  at  the  gauging  station  was  partially  supporting  of  uses.  T\\t  lowermost 
of  the  three  MVFP  sites,  at  Breen's,  was  also  slightly  impaired,  and  was  designated  as 
partially  supporting  of  uses. 


13 


Figure  5.  Total  bioassessment  scores  based  on  the  ecoregional  reference.  Montana  Valleys  and  Foothill 
Praires  sites  on  the  Teton  River  and  its  North  Fork.  July  1998. 


At  Breen's 


At  gauging  station 


North  Fork 


Table  9.  Montana  Valleys  and  Foothill  Prairies  ecoregion  reference  and  scoring  criteria. 

(Bukantis  1998.) 

Score 

Metric 

3 

2                               1 

0 

Taxa  richness 

>28 

28-21                        21-14 

<14 

EPT  ridmess 

>14 

14-13                        12-11 

<11 

Biotic  Index 

<4 

4-5                           5-6 

>6 

%  dominant  taxon 

<30 

30-40                       40-50 

>50 

%  collectors  (G  +  bb) 

<60 

60-75                       75-90 

>90 

%  scrapers  +  shredders 

>30 

30-20                       20-10 

<10 

%EPT 

>60 

60-45                       45-30 

<30 

%  Hydropsychinae  of 
Trichoptera 

<75 

75-85                        85-95 

>95 
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Table  10.  Metric  values,  scoring  and  bioassessments  based  on  Montana  Valleys  and  Foothill  Prairies 
ecoregion  reference.  Teton  River.  July  1998. 


metric 

At  Breen's 

Gauging 
station 

North  Fork 

Taxa  richness 

41 

16 

27 

EPT  richness 

18 

10 

16 

Biotic  index 

4.48 

1.55 

1.46 

%  dominant  taxon 

17 

39 

28 

%  coUector  (G+H) 

66 

35 

35 

%  scraper  +  shredder 

8 

63 

62 

%  EPT 

35 

78 

79 

%HofT 

15 

0 

0 

scores 

Taxa  richness 

3 

1 

2 

EPT  richness 

3 

0. 

3 

Biotic  index 

2 

3 

3 

%  dominant  taxon 

3 

2 

3 

%  collector  (G+FF) 

2 

3 

3 

%  scraper  +  shredder 

0 

5 

3 

%EPT 

1 

3 

3 

%  H  of  T 

3 

3 

3 

Total  score  (max.=24) 

17 

18 

23 

percent  of  maximum 

71 

75 

96 

classification ' 

SU 

SU 

NON 

use  support  ^ 

PART 

PART 

FULL 

'  See  Table  6b.  NON  =  nonimpaired,  SLI  =  slightly  impaired,  MOD  =  moderately  impaired,  SEV  ■ 

severely  impaired. 
^  See  Table  6a.  FULL  =  fiill  support,  PARTIAL  =  partial  support,  NON!  =  non-support. 
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4.  Montana  Valleys  and  Foothill  Prairies  ecoregion  sites:  The  Teton  River 
internal  reference 

Figure  6  compares  total  bioassessment  scores  for  the  Teton  River  sites  in  the 
MVFP  ecoregion  when  scored  using  an  internal  reference  approach.  Table  1 1  shows  the 
values  for  the  Teton  River  internal  reference  and  its  scoring  criteria.  Table  1 2  gives  the 
scoring  and  bioassessments  for  benthic  assemblages  of  the  three  MVFP  sites  based  on  the 
internal  reference. 

The  same  pattern  of  improvement  in  total  bioassessment  score  is  apparent  when  the  sites 
are  compared  only  with  each  other  as  when  the  sites  are  compared  with  streams 


Figure  6.  Total  bioassessment  score  based  on  Teton  River  internal  reference  for  Montana  Valleys  and 
Foothill  Prairies  sites.  Teton  River.  July  1998. 


At  Breen's 


Gauging  station 


North  Fork 


of  the  entire  MVFP  ecoregion;  there  is  an  apparent  improvement  in  biotic  condition  in 
each  consecutive  upstream  location.  However,  the  internal  reference  approach 
accentuates  the  differences  among  the  sites.  The  benthic  assemblage  at  Breen's  still 
exhibited  slight  impairment  to  biotic  health,  yet  the  total  score  was  much  less  than  it  was 
using  the  ecoregion  criteria,  and  compared  to  the  non-impaired  assemblage  sampled  at 
the  North  Fork  site,  the  assemblage  at  Breen's  was  considerably  more  impaired.  In 
contrast,  the  gauging  station  site  received  a  higher  score  using  the  internal  reference 
criteria,  and  was  rated  non-impaired,  with  a  full  use  support  designation.  The  North  Fork 
site  received  maximal  scores  for  all  metrics  in  the  MT  DEQ  MVFP  battery. 

Generally,  the  internal  reference  criteria  for  these  three  sites  on  the  Teton  River 
and  its  North  Fork  were  more  stringent  criteria  than  those  established  by  the  State  for 
Montana  Valleys  and  Foothill  Prairies  streams.  Internal  reference  values  for  EPT 
richness,  percent  EPT  and,  especially,  the  biotic  index  set  quite  high  standards  for  the 
upper  reaches  of  the  Teton  River,  and  suggest  that  it  has  good  potential  for  biotic  health 
were  habitat  degradation  to  be  controlled  or  reversed. 
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Table  1 1.  Internal  reference  values  and  criteria  for  assigning  scores  to  metrics  based  on  percent 
comparability  to  reference  values  (adapted  from  McGuire  1995) 


metric 


Teton  River 
internal  reference 


scoring  criteria 

2  1 


Taxa  richness 

27 

>  80% 

80-60% 

60-40% 

<  40% 

a 

EPT  richness 

18 

>  85% 

85-70% 

70-50% 

<  50% 

a 

Biotic  index 

1.55 

>90% 

90-80% 

80-70% 

<70% 

b 

%  dominant  tax  on 

28 

>60% 

60-45% 

45-30% 

<30% 

b 

%colIector  (G+FF) 

35 

>  90% 

90-80% 

80-70% 

<70% 

b 

%  scraper  +  Shredder 

63 

>80% 

80-60% 

60-40% 

<40% 

a 

%EPT 

0 

>  75% 

75-50% 

50-25% 

<  25% 

a 

%  Hydropsychinae  of 
Trichoptera 

79 

<50% 

50-70% 

70-90% 

>90% 

c 

'1998  Internal  referenc 
data. 

«  values  are  the  "best' 

appropriate 

values  among 

those  calculated  from  1998 

*  a  =  score  is  ratio  of  study  site  to  reference  x  100. 

*  b  =  score  is  ratio  of  reference  to  study  site  x  100. 

*  c  =  score  is  based  on  the  actual  value,  not  a  percentage 

of  reference. 

Table  12.  Metric  scores  and  bioassessments  based  on  Teton  River  internal  reference  criteria.  Montana 
Valleys  and  Foothill  Prairies  ecoregion  sites.  July  1998. 


metric 

AtBreen's 

Gauging 
station 

North  Fork 

Taxa  richness 

41 

16 

27 

EPT  richness 

18 

10 

16 

Biotic  index 

4.48 

1.55 

1.46 

%  dominant  taxon 

17 

39 

28 

%  collector  (G+FF) 

66 

35 

35 

%  scraper  +  shredder 

8 

63 

62 

%EFT 

35 

78 

79 

%HofT 

15 

0 

0 

Total  score  (max.=24) 

17 

18 

23 

percent  of  maximum 

71 

75 

96 

classification ' 
use  support  ^ 

SU 
PART 

SLI 
PART 

NON 
FULL 
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4.  Montana  Valleys  and  Foothill  Prairies  sites:  A  revised  bioassessment 
method 

Figure  7  compares  total  bioassessment  scores  for  the  three  sites  on  the  East 
Boulder  River  when  a  revised  metric  battery,  proposed  by  Bollman  (1998)  is  used.  Table 
13  summarizes  this  method  and  its  criteria.  Table  14  gives  a  breakdown  of  the  scores  for 
individual  metrics  and  bioassessments  for  each  site. 

Figure  7.  Total  bioassessment  scores  based  on  a  revised  method  for  Montana  Valleys  and  Foothill  Prairies 
ecoregion  streams.  Teton  River  sites.  July  1998. 


At  Breen's 


Gauging  station 


North  Fork 


Use  of  the  revised  method  gave  the  same  results  as  the  other  two  bioassessment 
methods  for  the  evaluation  of  the  benthic  assemblage  sampled  at  the  North  Fork  site;  it 
was  scored  as  non- impaired.  However,  the  two  lower  MVFP  sites  on  the  Teton  River 
were  scored  quite  differently:  the  site  at  Breen's  was  non-impaired,  with  full  use  support 
designation,  according  to  the  criteria  applied  in  this  method.  The  site  at  the  gauging 
station  had  the  most  impairment  to  biotic  health  of  the  three  sites  judging  by  these 
criteria.  The  score  at  this  site  indicated  sUght  impairment,  and  partial  use  support 
designation. 


Table  13.  Montana  Valleys  and  Foothill  Prairies  ecoregion  reference  and  scoring  criteria,  revised  method. 
(Bollman  1998.) 


Scoring 

criteria 

metric 

3 

2 

1 

0 

Ephemeroptera  taxa  richness 

>5 

5-4 

3-2 

<2 

Plecoptera  taxa  richness 

>3 

3-2 

1 

0 

Trichoptera  taxa  richness 

>4 

4-3 

2 

<2 

Sensitive  taxa  richness 

>3 

3-2 

1 

0 

Percent  filterers 

0-5 

5.01-10 

10.01-25 

>25 

Percent  tolerant  taxa 

0-5 

5.01-10 

10.01  -35 

>35 
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TaWe  10.  Metric  values,  scoring  and  bioassessments  based  on  Montana  Valleys  and  Foothill  Prairies 
ecoregion  reference.  Teton  River.  July  1998. 


metric 

At  Breen's 

Gauging 
station 

North  Fork 

Epbemeroptcra  taxa  richness 

6 

7 

9 

Plecoptera  taxa  richness 

5 

1 

4 

Trichoptera  taxa  richness 

7 

2 

5 

Sensitive  taxa  richness 

1 

1 

5 

Percent  filterers 

4 

15.5 

9 

Percent  tolerant  taxa 

8.3 

0 

0.3 

scores 

Ephemwoptera  taxa  richness 

3 

3 

Plecoptera  taxa  richness 

3 

3 

Trichoptera  taxa  richness 

3 

3 

Sensitive  taxa  richness 

1 

3 

Percent  filterers 

3 

2 

Percent  tolerant  taxa 

2 

3 

Total  score  (max.=  1 8) 

15 

10 

17 

percent  of  maximum 

83 

56 

94 

classification ' 

NON 

SLI 

NON 

use  support  ^ 

FUT.T, 

PART 

FUIT, 

'  See  Table  6b.  NON  =  nonimpaired,  SLI  =  slightly  impaired,  MOD  =  moderately  impaired,  SEV  = 

severely  impaired. 
^  See  Table  6a.  FULL  =  full  support,  PARTL\L  =  partial  support,  NON!  =  non-support. 
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Macroinvertebrate  communities 

Benthic  assemblages  at  the  eight  sites  on  the  Teton  River  and  its  North  Fork  can 
he  grouped  into  two  quite  distinct  community  types  based  on  taxa  shared  between  sites. 
The  assemblages  generally  separated  along  ecoregion  lines,  with  many  taxa  shared 
among  the  Plains  ecoregions  sites,  and  others  shared  among  the  MVFP  sites.  Among  the 
Plains  ecoregions  sites,  however,  the  assemblage  at  Dent's  bridge  was  somewhat 
distinctive,  sharing  nine  taxa  with  the  site  at  Loma,  but  fewer  with  the  other  Plains  sites. 
The  benthic  commvmity  at  Breen's  was  transitional,  sharing  several  taxa  with  Plains  sites. 
Figure  15  illustrates  similarities  and  differences  among  the  sites  by  compiling  the  number 
of  taxa  shared  between  benthic  assemblages. 

Figure  15.    Similarity  of  benthic  communities,  expressed  as  the  number  of  taxa  in  common  between  two 
communities.  Teton  River  and  North  Fork  Teton  River.  July  and  August  1998. 


At  Loma 

Dent 
bridge 

Kerr 
bridge 

At  1-15 

Hwy.221 

At 
Breen's 

Gauging 
station 

Dent 
bridge 

9 

Kerr 
bridge 

12 

5 

At 
MS 

12 

7 

16 

Hwy.221 

8 

4 

10 

12 

At 
Breen's 

5 

2 

5 

6 

8 

Gauging 
station 

1 

1 

0 

1 

2 

8 

North 
Fork 

1 

1 

0 

2 

0 

11 

14 

1.  The  Montana  Plains  ecoregions  sites. 

In  general,  both  the  MT  DEQ  reference  and  the  internal  reference  assigned 
bioassessment  scores  and  impairment  classifications  consistently  to  Plains  ecoregions 
sites  on  the  Teton  River.  The  benthic  assemblage  sampled  at  Loma  had  the  lowest  biotic 
index  score  of  any  of  the  five  Plains  ecoregions  sites,  suggesting  that  water  quality  at  this 
lowermost  site  did  not  limit  biotic  health.  The  dominant  taxon  at  this  site,  the 
leptophlebiid  mayfly  Traverella  albertana,  prefers  the  sandy  substrate  reported  here,  and 
the  nattire  of  the  substrate  was  further  elucidated  by  the  presence  of  Ephoron  album.  This 
mayfly  constructs  tubular  burrows  and  its  presence  here  and  at  two  other  Plains  sites  in 
this  study  suggests  that  the  substrate  where  burrows  are  located  was  stable  and  not  highly 
prone  to  scour.  Other  sand  tolerant  organisms  collected  here  include  the  baetid  mayfly 
Camelobaetidius  sp.  and  the  midge  Robackia  sp.  Fine  sediment  apparently  did  not  limit 
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biotic  integrity  here,  since  five  caddisfly  taxa  were  present.  Loss  of  caddisfly  taxa  has 
been  linked  to  sediment  deposition  (Bollman  1 998),  and  although  that  finding  was 
specific  to  the  Montana  Valleys  and  Foothill  Prairies  ecoregion,  it  appears  in  this  case  to 
be  relevant,  since  many  of  the  taxa  found  in  these  Plains  sites  are  also  characteristic  of  the 
MVFP  as  well.  In  addition,  insect  cUngers  were  a  significant  component  of  the 
community.  These  included  the  hydropsychid  caddisflies  Hydropsyche  sp.  and 
Cheumatopsyche  sp.,  and  the  glossomatid  Protoptila  sp.,  the  dipteran  Simulium  sp.,  and 
the  stonefly  Acroneuria  sp.  dingers  are  susceptible  to  displacement  by  sediment 
deposition. 

As  previously  noted,  the  assemblage  sampled  at  Dent  bridge  shared  a  moderate 
number  of  taxa  with  the  site  at  Loma,  but  had  fewer  taxa  in  common  with  the  other  Plains 
ecoregions  sites.  In  addition,  the  site  produced  the  lowest  taxa  richness  of  any  in  the 
study.  Both  of  these  observations  may  be  attributed  to  the  very  small  sample  size 
representing  the  site;  the  density  of  macro  invertebrates,  expressed  as  the  number  of 
organisms  collected  per  minute  of  substrate  disturbance,  was  lowest  here.  However,  other 
evidence  supports  the  interpretation  that  the  low  density  of  benthic  organisms  was  a 
symptom  of  habitat  degradation,  which  impaired  biotic  health  at  the  site.  Scraping 
organisms  are  absent  Irom  the  sample,  suggesting  that  sediment  deposition  may  be 
limiting  habitat  for  these  organisms.  In  addition,  the  number  of  clinging  msects  was  very 
low;  only  a  single  stonefly  was  collected,  and  very  few  Simulium  sp.  or  Cheumatopsyche 
sp.  were  present.  While  Traverella,  which  made  up  39%  of  the  sampled  assemblage,  is 
considered  a  dinger,  this  insect  is  not  as  dependent  on  surfaces  as  are  other  cUngers, 
often  preferring  the  undersides  of  rocks  to  their  upper  surfaces.  Warm  water 
temperatures,  measured  at  28°C,  coupled  with  diminished  flows  at  this  site,  were 
reflected  in  the  high  proportion  of  tubificid  worms  (13%  of  the  assemblage),  and  the  low 
EPT  richness  (5  taxa)  and  low  EPT  percent  (58%).  The  biotic  index  (4.35)  was 
appropriate  for  the  Plains  ecoregions,  suggesting  that  organic  and/or  nutrient  enrichment 
may  not  explain  these  observations  at  this  site,  but  such  an  influence  cannot  be  ruled  out, 
since  small  sample  sizes  tend  to  favor  low  biotic  index  scores.  The  site  at  Dent  bridge 
received  the  lowest  bioassessment  score  of  any  site  regardless  of  which  set  of  reference 
criteria  was  used. 

Macroinvertebrate  density  was  also  low  at  the  Kerr  bridge  site;  however,  in 
contrast  to  the  assemblage  at  Dent  bridge,  taxa  richness  was  more  than  90%  greater  at 
Kerr  bridge.  Thirteen  EPT  taxa  were  collected  at  Kerr  bridge,  and  mayflies,  stoneflies 
and  caddisflies  made  up  85%  of  the  sampled  assemblage.  These  observations,  together 
with  the  presence  of  the  long-hved  perlid  stonefly  Acroneuria  abnormis  suggests  that 
severely  diminished  flows  did  not  limit  biotic  integrity  at  this  site.  Many  taxa  of  clinging 
insects  were  collected  here,  including  the  caddisflies  Brachycentrus  occidentalis, 
Protoptila  sp.,  Hydropsyche  sp.  and  the  mayfly  Leucrocuta  sp.;  six  caddisfly  taxa  were 
present  here.  These  observations  suggest  that  fme  sediment  deposition  did  not  impair  the 
benthic  community  here. 

Regardless  of  the  reference  criteria  used,  the  bioassessment  score  at  the  Interstate 
15  site  was  the  highest  of  any  of  the  Plains  sites.  Macroinvertebrate  density  was 
moderately  low  at  this  site,  though  not  as  low  as  at  either  Dent  bridge  or  Kerr  bridge. 
Still,  this  site  produced  the  highest  taxa  richness  (26)  and  EPT  richness  (18)  of  any  Plains 
site.  Stable  sandy  substrate  was  indicated  by  the  abundance  of  Ephoron  album  (9%  of  the 
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sample)  collected  here.  The  dominant  taxon  was  the  sediment-tolerant  mayfly 
Thcorythodes  minutus.  However,  scrapers  comprised  24%  of  the  assemblage,  a  greater 
proportion  than  at  any  other  Plains  site,  strongly  suggesting  that  sedimentation  by  fines 
was  not  severe  enough  to  impair  biotic  health,  dingers,  too,  were  abundant,  including  the 
heptageniid  mayflies  Epeorus  longimanus  and  Leucrocuta  sp.,  as  well  as  several  other 
insect  taxa.  In  addition,  six  caddisfly  taxa  were  collected  here.  The  presence  of  eleven 
mayfly  taxa  imply  that  water  quality  was  not  a  limitation  to  biotic  health,  although  the 
conductance  measurement  was  moderately  high  (0.90  mmhos/cm). 

The  highest  conductance  measurement  at  any  Plains  site  (1.3  mmhos/cm)  was 
recorded  at  the  Highway  221  bridge.  Still,  six  mayfly  taxa  were  collected  here,  including 
strong  representation  by  the  moderately  sensitive  siphlonurid  Isonychia  sp.  (5%  of  the 
sampled  assemblage).  The  biotic  index  here  (4.43)  was  within  the  range  expected  of 
Plains  streams  with  water  quahty  unimpaired  by  organic  and/or  nutrient  pollution.  As  at 
the  other  Plains  sites  on  the  Teton  River,  there  was  no  specific  indication  of  water  quality 
impairment  in  the  benthic  macro  invertebrate  data  collected  at  the  Highway  221  bridge. 
CUnging  insects  were  well-represented  in  the  sample,  with  the  caddisfly  Hydropsyche  sp. 
among  the  dominant  organisms  present  (28%).  This  suggests  that  fine  sedunent  did  not 
limit  biotic  integrity  here. 

2.  The  Montana  Valleys  and  Foothill  Prairies  ecoregion  sites 

Bioassessment  scores  for  two  of  the  MVFP  sites  varied  considerably  with  the 
reference  method  used.  All  three  methods,  however,  scored  the  North  Fork  site 
consistently. 

The  benthic  assemblage  collected  at  Breen's  appears  to  represent  a  transition 
between  the  communities  of  the  Plains  sites  and  those  of  the  MVFP  sites  upstream.  It 
shared  an  average  of  five  taxa  with  each  of  the  Plains  sites,  while  the  other  two  MVFP 
sites  averaged  one  taxon  in  common  with  any  Plains  site.  Total  bioassessment  score 
varied  here  from  54%  of  reference  to  83%  and  the  impairment  classification  of  the  site 
varied  from  slight  impairment  to  non-impairment  depending  on  which  reference  criteria 
were  used.  The  site  had  the  highest  taxa  richness  (41)  of  any  site  studied,  with  thirteen 
chironomid  taxa;  this  pattern  of  taxonomic  composition  suggests  the  effect  of  a  mild-to- 
moderate  influence  of  organic  and/or  nutrient  pollution.  A  biotic  index  score  (4.48), 
somewhat  elevated  for  a  site  in  the  MVFP  ecoregion,  was  calculated  for  this  assemblage. 
Further  evidence  for  water  quality  degradation  includes  a  high  percentage  of  multivoltine 
taxa,  which  comprise  47%  of  the  sampled  community.  The  dominant  taxon  was  the 
tolerant  midge  Polypedilum  sp.;  midges  made  up  more  than  50%  of  the  organisms  in  the 
sample.  Even  though  the  seven  Trichoptera  taxa  collected  here  seem  to  indicate  that 
sediment  deposition  did  not  knpair  biotic  integrity,  the  fact  that  caddisflies  made  up  only 
4%  of  the  sample  is  evidence  to  the  contrary. 

Where  the  revised  bioassessment  method  seems  to  have  overestimated  biotic 
health  at  Breen's,  it  seems  to  have  been  more  accurate  than  the  other  two  methods  at 
assessing  conditions  at  the  gauging  station.  Macro  invertebrate  density  at  this  site  was 
very  low.  Perhaps  because  of  the  small  sample  size,  the  taxa  richness  and  EPT  richness 
metrics  were  reduced.  Poor  instream  flow  retention  could  account  for  the  paucity  of 
benthic  organisms  here.  Most  affected  were  caddisflies  and  stoneflies;  there  were  only 
three  taxa  from  the  two  orders  in  the  sample.  Seven  mayfly  taxa  were  present,  and  the 
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biotic  index  was  calculated  to  be  1.55.  These  observations  suggest  that  water  quality  does 
not  impair  the  community  integrity  at  the  gauging  station. 

The  benthic  assemblage  collected  at  the  North  Fork  site  typified  a  non-impaired 
MVPP  community.  Five  highly  sensitive  taxa  were  present,  including  the  blepharicerid 
fly  Bibiocephala  sp.,  the  mayfly  Drunella  doddsi,  and  the  predatory  net-spinner 
Parapsyche  elsis.  Nine  mayfly  taxa  were  collected,  suggesting  that  water  quality  is  not 
impaired,  as  does  the  low  biotic  index  (1.46)  calculated  for  the  community  here. 


CONCLUSIONS 

•     Figure  9  illustrates  the  relationship  between  total  habitat  score  and  total 

bioassessment  score  (using  ecoregion  references)  for  all  eight  sites.  Most  sites  show 
the  typical  relationship  between  the  two  scores  when  water  quality  is  essentially 
unimpaired.  The  position  of  the  symbol  for  the  site  at  Loma,  however  suggests  some 
impairment  of  water  quality;  the  bioassessment  score  is  lower  than  the  habitat 
assessment  score  seems  to  predict. 

Figure  9.  Bioassessment  score  vs.  habitat  score.  Teton  River.  July  and  August 
1998. 
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Teton  River  sites  in  the  Plains  ecoregions  generally  had  communities  adapted  to 
sandy  substrates  with  Uttle  scour,  and  four  of  the  five  sites  had  little  evidence  of 
impairment  by  fine  sediment  deposition  or  water  quahty  impairment.  The  exception 
was  the  site  at  Dent  bridge,  where  macroLnvertebrate  density  appeared  to  be  very  low. 
Functional  and  taxonomic  composition  of  the  assemblage  at  this  site  suggests 
impairment  to  biotic  health  due  to  sediment  deposition  and  diminished  flow. 
For  the  MYFP  ecoregion  site  at  Breen's,  the  revised  bioassessment  seems  to 
overestimate  the  biotic  health  of  the  community.  Macroinvertebrate  data  fi-om  this  site 
was  not  easily  interpreted,  perhaps  because  the  assemblage  seemed  to  be  transitional 
between  a  Plains  ecoregions  community  and  a  Foothill  prairie  community.  Mild-to- 
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moderate  organic  and/or  nutrient  pollution  probably  slightly  impairs  the  biotic 

integrity  here.  Sediment  deposition  may  also  contribute  to  impairment. 

At  the  gauging  station,  flow  limitations  have  apparently  severely  reduced 

macro  invertebrate  densities,  but  the  data  suggests  that  water  quality  was  not  impaired. 
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APPENDIX 


Macroinvertebrate  Taxonomic  Data 

Teton  8B       At  Loma 


8.4.98 


Taxon 


% 


BI^ 


FFG' 


Oligochaeta:  Tubificidae 

TOTAL:  MISC.  TAXA 

Ophiogomphus 

TOTAL:  ODONATA 

Camelobaetidius  (=Dactylobaetis) 

Ephoron  album 

Leucrocuta 

Traverella 

Tricorythodes  minutus 

TOTAL:  EPHEMEROPTERA 

Acroneuria  abnormis 

Isogenoides 

TOTAL:  PLECOPTERA 

Protoptila 

Cheumatopsyche 

Hydropsyche 

Nectopsyche 

Oecetis 

TOTAL:  TRICHOPTERA 

Ceratopogonidae 

Simulium 

TOTAL:  DIPTERA 

Polypedllum 

Robackia 

Thienemannimyia 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


5 

L70 

•        10 

CG 

5 

L70 

7 

2.38 

5 

PR 

7 

2.38 

1 

0.34 

4 

CG 

5 

L70 

4 

CG 

2 

0.68 

4 

SC 

238 

80.95 

3 

CG 

2 

0.68 

4 

CG 

248 

84.35 

1 

0.34 

2 

PR 

1 

0.34 

•  3 

PR 

2 

0.68 

1 

0.34 

1 

SC 

18 

6.12 

5 

CF 

3 

1.02 

5 

CF 

1 

0.34 

2 

SH 

1 

0.34 

8 

PR 

i4 

8.16 

1 

0.34 

6 

PR 

3 

1.02 

5 

CF 

4 

1.36 

1 

0.34 

6 

CG 

1 

0.34 

4 

CG 

1 

0.34 

5 

PR 

1 

0.34 

5 

CG 

4 

1.36 

294 

100.00 

Aquatic  Macroinvertebrate  Data;  Teton  8B:  At  Loma 8.4.98 

Percent  of  sample  used  78 

Subsample  size  294 

Percent  EPT  93 

Taxa  richness  20 

EPT  richness  12 

Biotic  Index  3.40 

Percent  dominant  taxon  80.95 

Percent  dominance  of  five  dominant  taxa  92.85 

Percent  dominance  of  ten  dominant  taxa  96.59 

Percent  collectors  (gatherers  plus  filterers)  94.55 

Percent  scrapers  plus  shredders  1.36 

Percent  Hydropsychinae  of  Trichoptera  88 

Metals  tolerance  index  1.59 

Shannon  H  (log2)  1.36 

Evenness  .3 1 

Brillouin  H  .86 

Simpson  D  .66 

EPT/Chironomidae                                            .  68.50 

CTQa  77.80 

Percent  Baetidae  of  Ephemeroptera  0.4 

%Ephemeroptera  84.35 

%Plecoptera  .68 

%Trichoptera  8.16 

%Coleoptera  .00 

%Diptera  1.36 

%Chironomidae  1.36 

Multivoltine  3.06 

Univoltine  92.52 

Semivoltine  4.42 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  6                4.08 

Collector-gatherer  8               86.39 

Collector-fiherer  3                8.16 

Scraper  2                1.02 

Shredder  1                 .34 


Estimated  total  number  of  organisms  377 

Estimated  number  collected  per  foot  8 

Estimated  number  collected  per  minute  377 


^P  Macroinvertebrate  Taxonomic  Data 

Teton  1  OB    Dent  bridge 


8.4,98 


Taxon 


BI^ 


FFG' 


Oligochaeta:  Tubificidae 

TOTAL:  MISC.  TAXA 

Ophiogomphus 

TOTAL:  ODONATA 

Camelobaetidius  (=Dactylobaetis) 

Traverella 

Choroterpes 

TOTAL:  EPHEMEROPTERA 

Isogenoides 

TOTAL:  PLECOPTERA 

Cheumatopsyche 

TOTAL:  TRICHOPTERA 

Simulium 

TOTAL:  DIPTERA 

Cladotanytarsus 

Polypediluin 

Robackia 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


4 

12.90 

10 

CO 

4 

12.90 

3.23 

5 

PR 

3.23 

2 

6.45 

4 

CO 

12 

38.71 

3 

CO 

3.23 

2 

CG 

15 

48.39 

3.23 

3 

PR 

3.23 

2 

6.45 

5 

CF 

2 

6.45 

4 

12.90 

5 

CF 

4 

12.90 

1 

3.23 

7 

CG 

2 

6.45 

6 

CG 

1 

3.23 

4 

CG 

4 

12.90 

31 

100.00 

Aquatic  Macroinvertebrate  Data:  Teton  lOB:  At  Dent  bridge 


8.4.98 


Percent  of  sample  used 
Subsample  size 


100 
31 


Percent  EPT 

Taxa  richness 

EPT  richness 

Biotic  Index 

Percent  dominant  taxon 

Percent  dominance  of  five  dominant  taxa 

Percent  dominance  often  dominant  taxa 

Percent  collectors  (gatherers  plus  filterers) 

Percent  scrapers  plus  shredders 

Percent  Hydropsychinae  of  Trichoptera 

Metals  tolerance  index 

Shannon  H  (log2) 

Eveimess 

BrUlouin  H 

Simpson  D 

EPT/Chironomidae 

CTQa 

Percent  Baetidae  of  Ephemeroptera 


58 
11 

5 
4.74 
38.71 
77.41 
96.78 
93.55 
0 

.00 
3.03 
2.86 
.83 
1.60 
.17 
4.50 
82.91 
13 


%Ephemeroptera 

%Plecoptera 

%Trichoptera 

%Coleoptera 

%Diptera 

%Chironomidae 


48.39 

3.23 

6.45 

.00 

12.90 

12.91 


Multivoltine 

Univoltine 

Semivoltine 


16.13 

74.19 

9.68 


Functional  Feeding  Groups 


#  taxa    %  abundance 


Predator 

Collector-gatherer 

Collector-filterer 

Scraper 

Shredder 


2 
7 
2 
0 
0 


6.46 

74.20 

19.35 

.00 

.00 


Estimated  total  number  of  organisms 
Estimated  number  collected  per  foot 
Estimated  number  collected  per  minute 


31 

unknown 
31 


Macroinvertebrate  Taxonomic  Data 


Teton  1  IB    Kerr  bridge 


8.4.98 


Taxon 


% 


BI^ 


FFG' 


Oligochaeta:  Lumbriculidae 

Sphaeriidae 

TOTAL:  MISC.  TAXA 

Ophiogomphus 

TOTAL:  ODONATA 

Acentrella  insignificans 

Brachycercus 

Ephoron  album 

Leucrocuta 

Traverella 

Tricorythodes  minutus 

TOTAL:  EPHEMEROPTERA 

Acroneuria  abnormis 

TOTAL:  PLECOPTERA 

Brachycentrus  occidentalis 

Protoptila 

Cheumatopsyche 

Hydropsyche 

Ithytrichia 

Oecetis 

TOTAL:  TRICHOPTERA 

Ordobrevia  nubifera 

TOTAL: COLEOPTERA 

Ceratopogonidae 

Hemerodromia 

TOTAL:  DIPTERA 

Cladotanytarsus 

Polypedilum 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


2 

1.71 

1 

0.85 

3 

2.56 

8 

6.84 

8 

6.84 

2 

1.71 

1 

0.85 

12 

10.26 

19 

16.24 

26 

22.22 

3 

2.56 

63 

53.85 

7 

5.98 

7 

5.98 

1 

0.85 

1 

0.85 

13 

11.11 

11 

9.40 

1 

0.85 

2 

1.71 

29 

24.79 

1 

0.85 

1 

0.85 

1 

0.85 

1 

0.85 

2 

1.71 

1 

0.85 

3 

2.56 

4 

3.42 

10 


CG 

CF 

PR 

CG 
CG 
CG 
SC 
CG 
CG 

PR 


2 

CF 

1 

SC 

5 

CF 

5 

CF 

3.5 

SC 

8 

PR 

CG 

PR 
PR 

CG 
CG 


117 


100.00 


Aquatic  Macroinvertebrate  Data:  Teton  1  IB:  Kerr  bridge 8.4.98 

Percent  of  sample  used  100 

Subsample  size  117 

Percent  EPT  85 

Taxa  richness  21 

EPT  richness  13 

Biotic  Index  4.24 

Percent  dominant  taxon  22.22 

Percent  dominance  of  five  dominant  taxa  69.23 

Percent  dominance  o  f  ten  dominant  taxa  88.88 

Percent  collectors  (gatherers  plus  filterers)  65.78 

Percent  scrapers  plus  shredders  19.94 

Percent  Hydropsychinae  of  Trichoptera  83 

Metals  tolerance  index  3.10 

Shannon  H  (log2)  3.52 

Evenness  .80 

BrillouinH  2.21 

Simpson  D  .11 

EPT/Chironomidae                                             .  24.75 

CTQa  79.29 

Percent  Baetidae  of  Ephemeroptera  3 

%Ephemeroptera  53.84 

%Plecoptera  5.98 

%Trichoptera  24.77 

%Coleoptera  .85 

%Diptera  1.70 

%Chironomidae  3.41 

Multivoltine  9.62 

Univoltine  69.44 

Semivoltine  20.94 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  5              16.23 

Collector-gatherer  9              43.57 

Collector-filterer  4              22.21 

Scraper  3              17.94 

Shredder  0                 .00 


Estimated  total  number  of  organisms  117 

Estimated  number  collected  per  foot  5 

Estimated  number  collected  per  minute  117 


Macroinvertebrate  Taxonoraic  Data 

Teton  12B  At  I- 15 


8.5.98 


Taxon 


% 


BI^ 


FFG' 


Oligochaeta:  Tubificidae:  Limnodrilus 

Ferrissia 

TOTAL:  MISC.  TAXA 

Ophiogomphus 

TOTAL:  ODONATA 

Camelobaetidius  (=Dactylobaetis) 

Acentrella  insignificans 

Procloeon 

Brachycercus 

Ephoron  album 

Epeorus  longimanus 

Leucrocuta 

Traverella 

Choroterpes 

Isonychia 

Tricorythodes  minutus 

TOTAL:  EPHEMEROPTERA 

Acroneuria  abnormis 

TOTAL:  PLECOPTERA 

Brachycentrus  occidentalis 

Protoptila 

Cheumatopsyche 

Hydropsyche 

Mayatrichia 

Oecetis 

TOTAL:  TRICHOPTERA 

Ceratopogonidae 

Dicranota 

TOTAL:  DIPTERA 

Cladotanytarsus 

Orthocladius 

Polypedilum 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


9 

5.33 

10 

CO 

0.59 

6 

SC 

10 

5.92 

0.59 

5 

PR 

0.59 

1.18 

4 

CG 

1.78 

4 

CG 

0.59 

5 

CG 

0.59 

7 

CG 

15 

8.88 

4 

CG 

0.59 

1 

SC 

37 

21.89 

4 

SC 

1.78 

3 

CG 

1.18 

2 

CG 

0.59 

2.5 

CF 

44 

26.04 

4 

CG 

110 

65.09 

0.59 

2 

PR 

0.59 

0.59 

2 

CF 

0.59 

1 

SC 

10 

5.92 

5 

CF 

22 

13.02 

5 

CF 

0.59 

1 

SC 

1.18 

8 

PR 

37 

21.89 

0.59 

6 

PR 

0.59 

3 

PR 

1.18 

1.78 

7 

CG 

0.59 

6 

CG 

4 

2.37 

6 

CG 

8 

4.73 

169 


100.00 


Aquatic  Macroinvertebrate  Data:  Teton  12B:  At  1-15 8.5.98 

Percent  of  sample  used  100 

Subsample  size  169 

Percent  EPT  88 

Taxa  richness  26 

EPT  richness  1 8 

Biotic  Index  4.59 

Percent  dominant  taxon  26.04 

Percent  dominance  of  five  dominant  taxa  75.75 

Percent  dominance  often  dominant  taxa  88.79 

Percent  collectors  (gatherers  plus  filterers)  72.21 

Percent  scrapers  plus  shredders  24.25 

Percent  Hydropsychinae  of  Trichoptera  86 

Metals  tolerance  index  4.15 

Shannon  H  (log2)  3.38 

Evenness  .72 

BrillouinH  2.14 

Simpson  D                                                           .  .14 

EPT/Chironomidae  18.50 

CTQa  71.04 

Percent  Baetidae  of  Ephemeroptera  5 

%Ephemeroptera  65.09 

%Plecoptera  .59 

%Trichoptera  21.89 

%Coleoptera  .00 

%Diptera  1.18 

%Chironomidae  4.74 

Multivoltine  11.39 

Univoltine  79.73 

Semivoltine  8.88 

Functional  Feeding  Groups #  taxa    %  abundance 

Predator  5                3.54 

Collector-gatherer  12             52.09 

Collector-filterer  4              20.12 

Scraper  5               24.25 

Shredder  0                 .00 

Estimated  total  number  of  organisms  169 

Estimated  number  coUected  per  foot  5 

Estimated  number  collected  p>er  minute  1 69 


^P  Macroinvertebrate  Tazonomic  Data 

Teton  14B    Highway  221  bridge 


8.5.98 


Taxon 


% 


BI^ 


FFG' 


Nematoda:  Mennithidae 

Oiigochaeta:  Lumbriculidae 

Physella 

Gammarus 

TOTAL:  MISC.  TAXA 

Acentrella  insignificans 

Baetis  tricaudatus 

Leucrocuta 

Choroterpes 

Isonychia 

Tricorythodes  minutus 

TOTAL:  EPHEMEROPTERA 

Slcwala 

TOTAL:  PLECOPTERA 

Brachycentms  occidentalis 

Cheumatopsyche 

Hydropsyche 

Mayatrichia 

Oecetis 

TOTAL:  TRICHOPTERA 

Dubiraphia 

Optioservus 

TOTAL:  COLEOPTERA 

Cladotanytarsus 

Microtendipes 

Polyp  edilum 

Rheotanytarsus 

Thienemannimyia 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


12 

3.82 

5 

OM 

2 

0.64 

10 

CG 

6 

1.91 

8 

sc 

1 

0.32 

4 

CG 

21 

6.69 

2 

0.64 

4 

CG 

13 

4.14 

4 

CG 

16 

5.10 

4 

SC 

11 

3.50 

2 

CG 

16 

5.10 

2.5 

CF 

91 

28.98 

4 

CG 

149 

47.45 

1 

0.32 

3 

PR 

1 

0.32 

12 

3.82 

2 

CF 

3 

0.96 

5 

CF 

87 

27.71 

5 

CF 

2 

0.64 

1 

SC 

8 

2.55 

8 

PR 

112 

35.67 

2 

0.64 

6 

SC 

18 

5.73 

5 

SC 

20 

6.37 

1 

0.32 

7 

CG 

1 

0.32 

6 

CG 

6 

1.91 

6 

CG 

1 

0.32 

6 

CF 

1 

0.32 

5 

PR 

1 

0.32 

5 

CG 

11 

3.50 

314 

100.00 

Aquatic  Macroinvertebrate  Data;  Teton  14B:  At  Highway  221 8.5.98 

Percent  of  sample  used  60 

Subsample  size  3 1 4 


Percent  EPT 

Taxa  richness 

EPT  richness 

Biotic  Index 

Percent  dominant  taxon 

Percent  dominance  of  five  dominant  taxa 

Percent  dominance  often  dominant  taxa 

Percent  collectors  (gatherers  plus  filterers) 

Percent  scrapers  plus  shredders 

Percent  Hydropsychinae  of  Trichoptera 

Metals  tolerance  index 

Shannon  H  (log2) 

Evenness 

Brillouin  H 

Simpson  D 

EPT/Chironomidae 

CTQa 

Percent  Baetidae  of  Ephemeroptera 

%Ephemeroptera 

%Plecoptera 

%Trichoptera 

%Coleoptera 

%Diptera 

%Chironomidae 


83 

24 

12 
4.43 
28.98 
72.62 
90.45 
79.00 
14.02 

80 
4.23 
3.21 

.70 

2.11 

.17 
23.82 
87.17 

10 

47.46 
.32 

35.68 
6.37 
.00 
3.51 


• 


Multivoltine 

Univoltine 

Semivoltine 


17.68 
71.82 
10.51 


Functional  Feeding  Groups 


#  taxa    %  abundance 


Predator 

Collector-gatherer 

Collector-filterer 

Scraper 

Shredder 


3 

10 

5 

5 

0 


3.19 

41.09 

37.91 

14.02 

.00 


Estimated  total  number  of  organisms 
Estimated  number  collected  per  foot 
Estimated  number  collected  per  minute 


523 
17 

523 


^^  Macroinvertebrate  Taxonomic  Data 

Teton  2     At  Breen's 


Taxon 


Oligochaeta:  Naididae 

Ostracoda 

Acari 

TOTAL:  MISC.  TAXA 

Acentrella  insignificans 

Baetis  tricaudatus 

Diphetor  hageni 

Attenella  margarita 

Serratella  tibialis 

Heptageniidae 

TOTAL:  EPHEMEROPTERA 

Chloroperlidae 

Amphinemura 

Calineuria  californica 

Hesperoperia  pacifica 

Pteronarcelia 

TOTAL:  PLECOPTERA 

Brachycentrus  americanus 

Brachycentnis  occidentalis 

Hydropsyche 

Hydroptila 

Onocosmoecus 

Wormaidia 

Rhyacophila  (imm.) 

TOTAL:  TRICHOPTERA 

Dytiscidae 

Optioservus 

Zaitzevia 

TOTAL:  COLEOPTERA 

Ceratopogonidae 

Chelifera 

Simulium 

Hexatoma 

TOTAL:  DIPTERA 

Corynoneura 

Eulciefferiella  Claripennis  Gr. 

Eukiefferiella  Pseudomontana  Gr. 

Micropsectra 

Orthocladius 

Pagastia 

P  aram  etri  ocn  em  us 

Polypedilum 

Rheocricotopus 

Steraf>ellinella 

Thienemanniella 

Thienemannimyia 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


7.23.98 


% 


BI^ 


FFG' 


4 

1.32 

10 

CG 

4 

1.32 

8 

CG 

3 

0.99 

5 

PA 

11 

3.64 

5 

1.66 

4 

CG 

16 

5.30 

4 

CG 

6 

1.99 

5 

CG 

8 

2.65 

2 

SC 

1 

0.33 

2 

CG 

2 

0.66 

4 

SC 

38 

12.58 

9 

2.98 

1 

PR 

2 

0.66 

2 

SH 

41 

13.58 

2 

PR 

1 

0.33 

'        1 

PR 

2 

0.66 

4 

SH 

55 

18.21 

3 

0.99 

1 

SC 

'3 

0.99 

2 

CF 

2 

0.66 

5 

CF 

1 

0.33 

6 

CG 

1 

0.33 

3 

OM 

2 

0.66 

0 

CF 

1 

0.33 

1 

PR 

13 

4.30 

7 

2.32 

5 

PR 

6 

1.99 

5 

SC 

7 

2.32 

4 

CG 

20 

6.62 

1 

0.33 

6 

PR 

1 

0.33 

5 

PR 

4 

1.32 

5 

CF 

7 

2.32 

2 

PR 

13 

4.30 

4 

1.32 

7 

CG 

4 

1.32 

8 

CG 

21 

6.95 

8 

CG 

34 

11.26 

4 

CG 

7 

2.32 

6 

CG 

2 

0.66 

1 

CG 

1 

0.33 

5 

CG 

51 

16.89 

6 

CG 

5 

1.66 

4 

CG 

1 

0.33 

4 

UN 

3 

0.99 

6 

CG 

6 

1.99 

5 

PR 

13 

4.30 

5 

CG 

152 

50.33 

302 


100.00 


Aquatic  Macroinvertebrate  Data:  Tetop  2  :  At  Breen's  7.23.98 

Percent  of  sample  used  100 

Subsample  size  302 

Percent  EFT  35 

Taxa  richness  41 

EPT  richness  ]  g 

Biotic  Index  4.48 

Percent  dominant  taxon  16.89 

Percent  dominance  of  five  dominant  taxa  53.98 

Percent  dominance  o  f  ten  dominant  taxa  68.55 

Percent  collectors  (gatherers  plus  fikerers)  66.20 

Percent  scrapers  plus  shredders  7.61 

Percent  Hydropsychinae  of  Trichoptera  15 

Metals  tolerance  index  3.81 

Shannon  H  (log2)  4.40 

Evermess  .82 

Brillouin  H  2.84 

Simpson  D  .07 

EPT/Chironomidae                                             .  .70 

CTQa  75.88 

Percent  Baetidae  of  Ephemeroptera  71 

%Ephemeroptera  12.59 

%Plecoptera  18.21 

%Trichoptera  4.29 

%Coleoptera  6.63 

%Diptera  4.30 

%Chironomidae  50.32 

Multivoltine  47.19 

Univoltine  28.81 

Semivoltine  24.01 

Fimctional  Feeding  Groups     #  taxa    %  abundance 

Predator  9               24.51 

Collector-gatherer  19             62.57 

Collector-filterer  4                3.63 

Scraper  4                6.29 

Shredder  2                1.32 


Estimated  total  number  of  organisms  302 

Estimated  number  collected  per  foot  9 

Estimated  number  collected  per  minute  302 


Macroinvertebrate  Taxonomic  Data 


Teton  1      Gauging  station 


7.20.97 


Taxon 


% 


BI^ 


FFG' 


Baetis  tricaudatus 

Dranella  coloradensis 

Drunella  doddsi 

Serratella  tibialis 

Cinygmula 

Epeorus  iongimanus 

Rhithrogena 

TOTAL:  EPHEMEROPTERA 

Hesperoperla  pacifica 

TOTAL:  PLECOPTERA 

Brachycentrus  americanus 

Glossosoma 

TOTAL:  TRICHOPTERA 

Simulium 

Hexatoma 

TOTAL:  DIPTERA 

Eukiefferiella  Gracei  Gr. 

Micropsectra 

Rheocricotopus 

Tvetenia  Bavarica  Gr. 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


6 

5.45 

4 

CG 

5 

4.55 

0 

CG 

2 

1.82 

1 

SC 

5 

4.55 

2 

CG 

43 

39.09 

0 

SC 

20 

18.18 

1 

SC 

2 

1.82 

0 

SC 

83 

75.45 

1 

0.91 

1 

PR 

1 

0.91 

1 

0.91 

1 

SC 

1 

0.91 

0 

SC 

2 

1.82 

17 

15.45 

5 

CF 

1 

0.91 

2 

PR 

18 

16.36 

2 

1.82 

4 

CG 

2 

1.82 

4 

CG 

1 

0.91 

4 

CG 

1 

0.91 

5 

CG 

6 

5.45 

110 

100.00 

Agnatic  Macroinvertebrate  Data;  Teton  1  :  Gauging  station 7.20.97 

Percent  of  sample  used    ~~~  fOO 

Subsample  size  HO 

Percent  EPT  78 

Taxa  richness  16 

EPT  richness  10 

Biotic  Index  I.55 

Percent  dominant  taxon  39.09 

Percent  dominance  of  five  dominant  taxa  82.72 

Percent  dominance  often  dominant  taxa                                                 94.55 

Percent  collectors  (gatherers  plus  filterers)  35.46 

Percent  scrapers  plus  shredders  62.73 

Percent  Hydropsychinae  of  Trichoptera  00 

Metals  tolerance  index  1 .49 

Shannon  H  (log2)  2.82 

Evenness  .70 

BrillouinH  1.76 

Simpson  D  .                                       .21 

EPT/Chironomidae  14.33 

CTQa  51.44 

Percent  Baetidae  of  Ephemeroptera  6 

%Ephemeroptera  75.46 

%Plecoptera  .91 

%Trichoptera  1.82 

%Coleoptera  .00 

%Diptera  16.36 

%Chironomidae  5.46 


Multivoltine 

Univoltine 

Semivoltine 


8.18 

90.00 

1.82 


Functional  Feeding  Groups 


#  taxa    %  abundance 


Predator 

Collector-gatherer 

Collector-filterer 

Scraper 

Shredder 


2 
7 
1 
6 
0 


1.82 

20.01 

15.45 

62.73 

.00 


Estimated  total  number  of  organisms 
Estimated  number  collected  per  foot 
Estimated  number  collected  per  minute 


110 

4 

110 


Macroinvertebrate  Taxonomic  Data 

NF  Teton  2    North  Fork 


7.22.98 


Taxon 


% 


BI^ 


FFG' 


Gyraulus 

TOTAL:  MISC.  TAXA 

Ameletus 

Baetis  tricaudatus 

Drunella  coloradensis 

Drunella  doddsi 

Drunella  spinifera 

Serratella  tibialis 

Cinygmula 

Epeorus  longimanus 

Rhithrogena 

TOTAL;  EPHEMEROPTERA 

Chloroperlidae 

Zapada  cinctipes 

Hesperoperla  pacifica 

Isoperla 

TOTAL:  PLECOPTERA 

Parapsyche  elsis 

Brachycentrus  americanus 

Glossosoma 

Rhyacophila  Brimnea  Or. 

Rhyacophila  Coloradensis  Gr. 

TOTAL:  TRICHOPTERA 

Bibiocephala 

Simulium 

Antocha 

Hexatoma 

TOTAL:  DIPTERA 

Eukiefferiella  Gracei  Gr. 

Micropsectra 

Orthocladius 

Pagastia 

Rheocricotopus 

Thienemanniella 

TOTAL:  CHIRONOMIDAE 

GRAND  TOTAL 


1 

0.30 

8 

SC 

1 

0.30 

1 

0.30 

0 

sc 

10 

3.00 

5 

CG 

8 

2.42 

0 

CG 

29 

8.76 

1 

SC 

1 

0.30 

0 

PR 

38 

11.48 

2 

CG 

84 

28.10 

0 

se 

61 

18.43 

1 

SC 

8 

2.42 

0 

SC 

238 

71.90 

1 

0.30 

1 

PR 

1 

0.30 

3 

SH 

1 

0.30 

1 

PR 

1 

0.30 

PR 

4 

1.21 

2 

0.60 

0 

CF 

2 

0.60 

1 

SC 

9 

2.72 

0 

SC 

4 

1.21 

2 

PR 

1 

0.30 

0 

PR 

18 

5.44 

2 

0.60 

0 

SC 

25 

9.06 

5 

CF 

1 

0.30 

3 

CG 

1 

0.30 

2 

PR 

34 

10.27 

14 

4.23 

4 

CG 

16 

4.83 

4 

CG 

1 

0.30 

6 

CG 

3 

0.91 

1 

CG 

1 

0.30 

4 

CG 

1 

0.30 

6 

CG 

36 

10.88 

328 

100.00 

Aquatic  Macroinvertebrate  Data:  NF  Teton  2  :  North  Fork 7.22.98 

Percent  of  sample  used  ~~~~                               55               ~~ 

Subsample  size  330 

Percent  EPT  79 

Taxa  richness  29 

EPT  richness  18 

Biotic  Index  -                                                     1 .46 

Percent  dominant  taxon  28.10 

Percent  dominance  of  five  dominant  taxa  75.83 

Percent  dominance  often  dominant  taxa  92.45 

Percent  collectors  (gatherers  plus  filterers)  34.73 

Percent  scrapers  plus  shredders  ..  62.23 

Percent  Hydropsychinae'of  Trichoptera  00 

Metals  tolerance  index  1.33 

Shannon  H  (log2)  3.32 

Evenness  .70 

BrillouinH  2.18 

Simpson  D  .15 

EPT/Chironomidae  .                                     7.22 

CTQa  45.59 

Percent  Baetidae  of  Ephemeroptera  0 

%Ephemeroptera  71.91 

%Plecoptera  1.20 

%Trichoptera  5.43 

%Coleoptera  .00 

%Diptera  10.26 

%Chironomidae  10.87 

Muhivoltine  8.16 

Univoltine  '                            89.58 

Semivohine  2.27 

Functional  Feeding  Groups        #  taxa    %  abundance 

Predator  7               3.01 

Collector-gatherer  9              25.07 

Collector-filterer  2               9.66 

Scraper  8              61.93 

Shredder  1                 .30 


Estimated  total  number  of  organisms  600 

Estimated  number  collected  per  foot  17 

Estimated  number  collected  per  minute  600 
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INTRODUCTION 

Benthic  assemblages  are  aptly  applied  to  aquatic  bioassessment  since  they  are  known  to 
be  important  indicators  of  stream  ecosystem  health  (Hynes  1970).  Long  lives,  complex  life 
cycles  and  limited  mobility  mean  that  there  is  ample  time  for  the  benthic  community  to 
respond  to  cumulative  effects  of  environmental  perturbations. 

Multimetric  approaches  to  bioassessment  use  attributes  of  the  assemblage  in  an 
integrated  way  to  measure  biotic  integrity,  defined  by  Karr  and  Dudley  as  ". .  the  ability  of  an 
aquatic  ecosystem  to  support  and  maintain  a  balanced,  integrated,  adaptive  community  of 
organisms  having  a  species  composition,  diversity,  and  functional  organization  comparable  to 
that  of  the  natural  habitats  within  a  region."  The  additive  muhimetric  approach  designed  by 
Plafkin  et  al.  (1989)  and  adapted  for  use  in  the  State  of  Montana  has  been  defined  as  ". . .  an 
array  of  measures  or  metrics  that  individually  provide  information  on  diverse  biological 
attributes,  and  when  integrated,  provide  an  overall  indication  of  biological  condition." 
(Barbour  et  al.  1995).  Community  attributes  that  can  contribute  meaningfiiUy  to  interpretation 
of  aquatic  data  include  assemblage  structure,  sensitivity  of  community  members  to  stress  or 
pollution,  and  functional  traits.  Each  metric  component  contributes  an  independent  measure  of 
the  biotic  integrity  of  a  stream  site;  combining  the  components  into  a  total  score  reduces 
variance  and  increases  precision  of  the  assessment  (Fore  et  al.  1995).  Effectiveness  of  the 
integrated  metrics  depends  on  the  applicability  of  the  underlying  model,  which  rests  on  a 
foundation  of  three  essential  elements  (Bollman  1998).  The  first  element  is  an  appropriate 
stratification  or  classification  of  stream  sites,  typically,  by  ecoregion.  Second,  metrics  must  be 
selected  based  upon  their  ability  to  accurately  express  biological  condition.  Third,  an  adequate 
assessment  of  habitat  conditions  at  each  site  to  be  studied  must  be  done,  to  assist  in  the 
interpretation  of  metric  outcomes. 

Relevant  habitat  assessment  enhances  the  interpretation  of  biological  data  (Barbour  and 
Stribling  1991),  because  there  is  generally  a  direct  response  of  the  biological  community  to 
habitat  degradation  in  the  absence  of  water  quality  impairment.  If  biotic  health  appears  more 
damaged  than  the  habitat  quality  would  predict,  water  pollution  by  quantities  of  organic 
materials,  nutrients,  metals,  or  other  toxicants  might  be  suspected.  On  the  other  hand,  an 
"artificial"  elevation  of  biotic  condition  in  the  presence  of  habitat  degradation  may  be  due  to 
the  paradoxical  effect  of  mild  nutrient  or  organic  enrichment.  Habitat  assessment  data  is  even 
more  important  in  the  plains  ecoregions,  where  the  relationships  between  habitat  variables  and 
benthic  community  characteristics  remain  largely  unknown. 

This  report  summarizes  data  collected  in  September  2001  on  the  Tongue  River,  using  a 
multimetric  method  of  analysis,  an  adaptation  of  the  U.S.  EPA's  Rapid  Bioassessment 
Protocols  (RBP  III)  (Plafkin  et  al.  1989).  Invertebrates  were  collected  at  seven  sites  on  the 
Tongue  River,  which  is  tributary  to  the  Yellowstone  River  located  in  the  Northwestern  Great 
Plains  ecoregion  (Woods  et  al.  1999). 

Selection  of  bioassessment  metrics  and  evaluation  of  benthic  community  attributes  for 
this  study  were  not  straightforward  tasks.  The  standard  operating  procedures  manual  for 
aquatic  invertebrate  sampling  and  analysis  of  the  Montana  Department  of  Environmental 
Quality  (Montana  DEQ)  (Bukanfis  1998)  recommends  the  use  often  metrics  for  assessing 
biota  of  streams  in  the  Montana  plains  ecoregions.  Implicit  in  the  multimetric  method  is  an 
assumption  of  correlative  relationships  between  disturbance,  habitat  measures,  and  the  biotic 
metrics,  in  the  absence  of  water  quality  impairment.  These  relationships  may  vary  regionally, 
requiring  an  examination  of  independent  measures  of  human-caused  disturbance,  habitat 


assessment  elements,  and  biotic  metrics  and  a  test  of  the  presumed  relationship  between  them. 
Assurance  of  the  validity  of  association  between  disturbance,  habitat  measures,  and  biotic 
metrics  is  particularly  compelling  in  the  Montana  plains  ecoregions  through  which  the  Tongue 
River  flows,  since  impairment  of  the  biotic  heahh  of  streams  in  this  region  is  generally  the 
result  of  non-point  sources  related  to  human-caused  disturbances.  Agricultural  activities,  cattle 
grazing,  and  flow  alteration  are  predominant  causes  of  stream  degradation.  The  benthic 
assemblages  of  the  plains  ecoregions  and  the  performance  of  the  recommended  bioassessment 
metrics  have  not  yet  been  examined  thoroughly  enough  to  determine  whether  or  not  the 
individual  metrics  or  their  integrated  scores  can  discriminate  impaired  conditions  from  good 
biotic  health.  This  author  (Bollman  1998)  evaluated  bioassessment  metrics  for  the  Montana 
valleys  and  foothill  prairies  ecoregion,  and  found  that  many  metrics  recommended  for  use  in 
that  region  were  not  accurate  in  discriminating  impaired  from  unimpaired  conditions. 
However,  analysis  of  benthic  communities  based  on  the  taxonomic  composition  of  the 
assemblages  collected  is  probably  a  valid  approach  to  bioassessment  in  the  plains  ecoregions. 
Thus,  while  bioassessment  scores  must  be  regarded  cautiously,  observations  based  on 
characteristics  of  taxa  present  in  samples  is  likely  to  reveal  reliable  information  about  water 
quality  and  habitat  condition.  To  maximize  the  reliability  of  assessments,  Montana  DEQ 
requires  this  type  of  information  in  addition  to  bioassessment  indices  and  scores  to  assist  in 
management  decisions.  Bioassessment  scores  presented  in  this  report  must  be  considered 
tentative,  and  the  data  should  be  reconsidered  in  the  future,  after  research  has  been  done  to 
better  elucidate  these  relationships.  Conclusions  and  observations  based  upon  characteristics  of 
the  taxa  present  in  samples  is  likely  to  be  the  most  reliable  source  of  information  concerning 
water  quality  and  instream  and  riparian  habitat  conditions  for  purposes  of  resource 
management. 

METHODS 

Aquatic  invertebrates  were  sampled  from  seven  sites  on  the  Tongue  River  on 
September  21-22,  2001.  Sampling  site  locations,  identifiers,  and  descriptions  are  given  in 
Table  1. 

No  habitat  assessment  was  available.  Invertebrate  samples  were  delivered  to  Rhithron 
Associates,  Inc.,  Missoula,  Montana,  for  laboratory  and  data  analyses.  In  the  laboratory,  the 
RBP  III  sorting  method  was  used  to  obtain  subsamples  of  300  (+/-  10%)  organisms  from  each 
sample  when  possible.  When  samples  contained  fewer  than  300  total  organisms,  all 
invertebrates  present  were  used.  Community  structure,  flmction,  and  sensitivity  to  impact  were 
characterized  for  each  subsample  using  a  battery  often  attributes,  or  metrics,  recommended  by 
Bukantis  (1998)  for  streams  of  the  Montana  plains  ecoregions  (Table  2).  Metric  resuhs  were 
compared  to  reference  criteria  provisionally  established  by  Montana  DEQ  for  streams  of  the 
Plains  ecoregions  Actual  metric  values  from  each  sample  were  compared  to  ecoregional 
reference  values  to  obtain  scores.  Scores  for  all  metrics  were  combined,  and  a  total 
bioassessment  score  was  expressed  as  a  percentage  of  the  maximum  possible  score.  Total 
bioassessment  scores  were  interpreted  in  terms  of  aquatic  life  or  other  uses  according  to 
guidelines  established  by  Montana  DEQ  (Bukantis  1998)  and  elaborated  in  Table  3  in  this 
report. 


Table  1.  Sampling  site  identifiers,  descriptions  and  locations  on  the  Tongue  River:  September 
21-22,2001. 


Site  Identifier 

Sitel 

Site  2 

Site  3 

Site  4 

Sites 

Site  6 

Site? 

Location 


Above  Tongue  River  Reservoir 

Below  Tongue  River  Reservoir  dam 

Above  bridge  near  Prairie  Dog  Coulee 

Above  Brandenburg  Bridge 

Near  Moon  Creek  Road  (Woods  Road) 

At  Garland 

Near  mouth 


GPS  location 


45°  or  15"  N  106°48'38"W 


45°  08' 27"  N  106°  46'  13"W 


45°  15'57"N106°37'28"W 


45°  50'  14"  N  106°  13' 20"W 


45°  55' 44"  N  106°  07'  31"W 


46°  03' 01"  N  105°  55' 56"  W 


46°24'24"N  105°  51' 58"  W 


Table  2.  Provisional  metrics  and  scoring  criteria  for  the  Montana  plains  ecoregions;  the 
Montana  plains  ecoregions  reference.  (Bukantis,  1998). 


Score 

Metric 

3 

2 

1 

0 

Taxa  richness 

>24 

24-18 

18-12 

<12 

EPT  richness 

>8 

8-6 

5-3 

<3 

Biotic  Index 

<5 

5-6 

6-7 

>7 

%  Dominant  taxon 

<30 

30-45 

45  -  60 

>60 

%  Collectors 

<60 

60  -  80 

80-95 

>95 

%EPT 

>50 

50-30 

30-  10 

<10 

Shannon  H  (log2) 

>3.0 

3.0-2.4 

2,4-  1.8 

<1.8 

%  Scrapers  + 
sliredders 

>30 

30-  15 

15-3 

<3 

M  Predator  ta.xa 
"/o  Multivoltinc 

>5 
<40 

4-5 
40-60 

3-4 
60  -  80 

<3 
>80 

Table  3a.  Criteria  for  the  assignment  of  use-support  classifications  /  standards  violation  thresholds  (Bukantis. 
1997). 

%  Comparability  to  reference 

Use  support 

>75 

25-75 
<25 

Full  support—standards  not  violated 

Partial  support-moderate  impairment-standards 

violated 

Non-support-severe  impairment-standards  violated 

Table  3b.  Criteria  for  the  assignment  of  impairment  classifications  (Plafkin  et  al.  1989). 

%  Comparability  to  reference 

Classification 

>83 
54-79 
21-50 
<17 

nonimpaired 
sliglitly  impaired 
moderately  impaired 
severely  impaired 

RESULTS 

Bioasssessnient 

Aquatic  invertebrate  taxa  lists,  metric  results  and  other  information  for  each  sample  are 
given  in  the  Appendix.  Table  2  summarizes  the  metric  battery  used  in  the  Montana  DEQ  Plains 
ecoregional  reference  method.  Table  3a  shows  the  Montana  DEQ  criteria  for  assignment  of 
use-support  categories,  and  Table  3b  lists  the  criteria  for  the  assignment  of  impairment 
classifications.  Breakdown  of  scores  for  each  metric  calculated  from  the  Tongue  River  aquatic 
invertebrate  samples  is  presented  in  Table  4.  Figure  1  compares  the  total  bioassessment  scores 
for  all  7  sites  when  the  aquatic  invertebrate  data  was  evaluated  using  the  Montana  DEQ  plains 
ecoregions  reference  and  metric  battery,  which  are  considered  provisional.  It  is  important  to 
note  that  neither  the  metric  battery  used  here  nor  any  of  its  components  has  been  tested  for 
discriminatory  power,  accuracy,  or  precision  in  Plains  ecoregions  streams. 

Bioassessment  scores  calculated  by  this  method  indicate  partial  support  of  designated 
uses  and  slight  impairment  of  biotic  heaUh  at  4  of  the  studied  sites.  Above  the  Tongue  River 
Reservoir,  scores  indicate  unimpaired  biotic  heahh  and  frill  support  of  designated  uses.  At 
Garland,  very  slight  impairment  was  indicated  by  the  bioassessment  score,  but  the  score  fell 
within  the  range  for  frill  use  support.  At  the  mouth,  scores  indicated  that  biotic  health  was 
moderately  impaired,  and  uses  were  partially  supported.  In  general,  total  scores  did  not  vary 
greatly  over  the  length  of  the  Tongue  River;  scores  ranged  from  a  low  of  50%  of  maximum  at 
the  mouth  of  the  Tongue  River  to  a  high  of  83%  of  maximum  at  the  site  above  the  Tongue 
River  Reservoir. 

Biotic  index  scores  were  generally  low  (range  3.83  -  5.38)  over  the  sampled  length  of 
the  river,  and  EPT  richness  and  EPT  percent  were  both  high  at  most  sites;  these  findings 
suggest  that  water  quality  was  generally  good  in  the  studied  reaches  of  the  Tongue  River. 
Below  the  Tongue  River  Reservoir  dam,  near  the  Prairie  Dog  coulee,  and  at  the  mouth,  EPT 
richness  was  lower  than  at  the  other  locations.  Most  sites  supported  rich  assemblages;  the 
number  of  taxa  collected  at  sites  ranged  from  a  low  of  14  near  the  Moon  Creek  Road  to  a  high 
of  28  above  the  Tongue  River  Reservoir. 


Figure  1.  Total  bioassessment  scores,  expressed  as  percent  of  maximum  score,  for  7  sites 
on  the  Tongue  River,  September  21-22,  2001.  Montana  plains  ecoregions  reference  used 
for  comparison  (Bukantis  1998). 


e 


o 


above  TRR         below  TRR         near  Prairie      at  Brandenburg  near  Moon  Ck.       at  Garland  at  mouth 

Dog  coulee  Bridge  Rd. 


Aquatic  invertebrate  communities 

Above  the  Tongue  River  Reservoir,  the  biotic  index  value  (5.38)  calculated  for 
the  sampled  assemblage  was  the  highest  among  the  sites  visited  for  this  study.  However, 
6  mayfly  taxa  were  present  in  the  sample  taken  here.  These  findings  suggest  that  water 
quality  was  good,  though  temperatures  may  have  been  warm.  Several  animals  that  clearly 
prefer  warmer  water  were  collected  at  the  site,  including  the  caddisflies  Helicopsyche 
borealis  and  Cheumatopsyche  sp.  Severe  nutrient  enrichment  or  inorganic  pollutants  do 
not  appear  to  limit  the  benthic  communhy  at  the  site. 

Benthic  substrates  appear  to  be  comprised  of  both  hard  clean  surfaces  as  well  as 
areas  of  fine  sediments.  Ten  "dinger"  taxa  were  collected  here,  yet  sediment-tolerant 
taxa,  including  the  burrowing  mayfly  Ephemera  simulans  made  up  42%  of  animals  in  the 
sample.  The  site  supported  the  largest  number  of  taxa  among  the  sampled  shes, 
suggesting  that  instream  habitats  were  ample  and  diverse.  All  expected  ftinctional 
components  of  an  integrated  benthic  community  were  present. 

Below  the  reservoir,  the  benthic  fauna  was  dominated  by  filter-feeders,  especially 
the  caddisflies  Cheumatopsyche  sp.  and  Hydropsyche  sp.  A  ftinctional  shift  toward  filter- 
feeding  is  expected  in  dam-outflow  habitats.  The  site  supported  a  less  rich  assemblage 
than  the  site  above  the  reservoir;  only  16  taxa  were  collected.  This  suggests  that  habitats 
were  more  monotonous  or  limited  at  this  site.  Although  only  6  "dinger"  taxa  were 
present  in  the  sample,  this  group  comprised  nearly  60%  of  organisms  in  the  sample, 
suggesting  that  clean  hard  substrates  unimpaired  by  fine  sediment  deposition  were 
available  for  colonization. 

The  number  of  mayfly  taxa  collected  fell  to  3,  somewhat  fewer  than  the  upstream 
site,  but  the  biotic  index  value  (4.89)  here  was  also  lower.  This  suggests  that  water 


Q, 

C 

■*— » 

c 
o 


o 
o 


n. 
on 


> 


00 

c 
o 

(U 

c 
o 


u 

c2 

M 

a> 

u 

Q 

^j 

CO 

"O 

c 

cd 

WJ 

O 

*c 

^-» 

00 

(U 

On 

OS 

c 

« 

E 

c 

c/l 

rt 

liO 

-^ 

<U 

3 

e 

_o 

ID 

!£ 

c 

o 

1) 

w 

c3 

^ 

3 

4> 

cr 

Ui 

< 

C 

Tt 

O 

4> 

'oh 

o 
o 

H 

u 

■3 
c 

O 


o  w 
c 


00        -^ 
—'  ^^  _^  m  a\  m      .'^^n 


o  m  00  ^  ^^  (^ 

(»  «    .  rr)  55  00 


ZZ  ON  "-1 


-t  00  (N  —.  -^  _  -i- 
NO  00  On   ■  — •     m 


c 
u 

sa 


ex 

X3  ON 


L. 


E 
o 


OS 

H 


o 


— '   ■  Tt-  (^  00   ■  — .  <^1 


—   fNfOfSOfSfNOOr^ 


r^mm<N^^(^fN' — "mm 


^^r'^mO'-^r^^^^^Orn 


rNmrn^Hrsmrsrsiorn 


00    _ 

O  '^  On  w-t 
.^  NO  — I  -< 


I/-1  00 


NO  1/1  00  O  NO  r^  ro 

— .  ■"   .  ro  00  t^   ' 


00  --H  r^  -^  On  <n 
'^  "^  ._■  <^  NO  «"■ 


O  <^' 


■^  !-l 


<NrsirNOr*-j'—  ^Hr-ir^m 


■o  o  o  *< 


NO  r<-i   J 


«   ^ 


— '  O 


On  m 


hH    ^ 


' — ^' — 'r*~ir*i^Hrn' — ^^^. — if*-i 


r^mrNirgr-if*-(m(N(Nr*i 


00  o 


in     ■< 


z 

CM  00   W 


■c 
■c 

<j 

C 
o 
o. 
o, 

3 


X3 


a 


■a 
•c 

u 

s 

1 


5* 


3 

H 

CO 


quality  continued  to  be  good  in  this  reach  of  the  Tongue  River,  since  the  diminished 
mayfly  richness  appears  to  be  more  related  to  the  generally  lower  taxa  richness,  and  may 
be  due  to  habitat  limitations  rather  than  to  water  quality  degradation. 

Near  the  Prairie  Dog  Coulee,  the  biotic  index  value  (5.08)  is  slightly  elevated. 
While  6  mayfly  taxa  were  present  in  the  sample,  the  proportion  of  mayflies  in  this 
assemblage  (8.3%)  is  lower  than  at  any  of  the  Tongue  River  sites  sampled.  These 
findings  are  diflficuh  to  interpret,  however,  in  light  of  the  overwhelming  abundance  of  the 
elmid  heetie  Microcylloepus  sp.  (63%  of  sampled  organisms).  The  large  numbers  of  this 
animal  suggest  that  the  sampler  encountered  a  "bloom"  of  larvae,  which  may  mask  the 
actual  taxonomic  composition  of  the  resident  assemblage.  Microcylloepus  spp.  that 
inhabit  Eastern  Montana,  ahhough  classified  by  Wisseman  (1996)  as  "dingers",  are  in 
fact  tolerant  of  siltation  and  turbidity,  and  prefer  warm  water  habitats.  The  "bloom"  also 
may  obscure  the  functional  composition  of  the  assemblage.  With  so  many 
Microcylloepus  sp.,  the  sampled  assemblage  is  strongly  skewed  toward  scrapers;  it  is 
worth  noting,  however,  that  the  fianctional  role  of  this  genus  is  not  very  well  known. 

At  the  Brandenburg  Bridge,  the  biotic  index  value  (4.54)  together  with  the  rich 
mayfly  fauna  (7  taxa)  suggest  water  unimpaired  by  excessive  nutrient  enrichment  or 
inorganic  pollutants.  Mayflies  included  the  relatively  intolerant  heptageniid  lihithrogena 
sp.,  typically  a  reliable  indicator  of  good  water  quality.  The  site  supported  9  "dinger" 
taxa  as  well  as  5  caddisfly  taxa,  suggesting  that  clean  substrate  habitats  were  plentiful  and 
generally  unaffected  by  fine  sediment  deposition.  The  Brandenburg  Bridge  site  was  one 
of  two  Tongue  River  sites  that  supported  stoneflies:  a  single  specimen  of  the  perlodid 
Isogenoides  sp.  was  collected  here.  While  a  single  individual  organism  offers  no 
conclusive  evidence,  the  finding  is  certainly  not  a  negative  one,  perlodid  stoneflies 
require  complex  habitats.  All  expected  functional  components  of  a  prairie  stream 
community  were  present  in  the  sample 

Only  189  organisms  were  collected  in  the  sampling  effort  at  this  site.  Whether  the 
low  abundance  of  organisms  was  due  to  depauperate  communities  at  the  site  or  to 
sampling  bias  is  not  clear  from  the  data  itself  However,  information  provided  by  the 
project  manager  (P.  Newby,  personal  communication)  suggests  that  large  cobble 
substrates  probably  limited  the  abundance  of  organisms  supported  at  the  site.  Midges 
were  absent  from  the  sample,  which  may  suggest  scouring  flow  conditions  or  large 
cobble  substrates,  both  of  which  are  potential  limitations  to  the  abundance  of 
invertebrates. 

Scouring  flow  may  explain  the  absence  of  midges  at  the  site  near  the  Moon  Creek 
Road  as  well.  While  overall  abundance  of  animals  was  within  expectations,  taxa  richness 
was  low  at  this  site.  The  sample  was  overwhelmed  by  filter-feeders,  especially  the 
hydropsychid  caddisflies  Cheumatopsyche  sp.,  which  comprised  64%  of  sampled 
organisms,  and  Hydropsyche  sp  ,  which  added  another  8%.  The  fijnctional  dominance  of 
filter-feeders  suggests  that  fine  organic  particles  in  suspension  were  plentifiil  at  the  site. 
Water  quality  appeared  to  be  minimally  affected  by  dissolved  nutrients  or  inorganic 
pollution,  since  the  biotic  index  value  (4.54)  was  not  elevated,  and  the  site  supported  6 
mayfiy  taxa,  including  the  prairie  denizen  Camelohaetidins  sp.  Eight  "dinger"  taxa  were 
present  in  the  sample,  and  while  there  were  only  3  caddisfly  taxa  collected  at  the  site, 
these  taxa  comprised  73%  of  the  sampled  organisms.  The  findings  suggest  minimal 
deposition  of  fine  sediments,  and  plentiful  hard  clean  substrate  habitats. 


The  sample  collected  at  Garland  contained  few  organisms,  only  147  were 
collected.  Whether  the  low  abundance  of  organisms  was  due  to  depauperate  communities 
at  the  sites  or  to  sampling  bias  is  not  clear  from  the  data.  However,  information  provided 
by  field  personnel  (P.  Newby,  personal  communication)  suggests  that  large  cobble 
substrates  apparently  limited  abundance  of  animals  at  the  site;  small  numbers  of 
organisms  were  collected  even  though  a  vigorous  sampling  effort  was  applied.  Still,  the 
site  supported  the  most  sensitive  assemblage  among  the  studied  reaches  on  the  Tongue 
River.  The  biotic  index  calculated  here  was  3.83,  and  7  mayfly  taxa,  including 
Rhilhrogena  sp.,  were  collected;  these  findings  imply  good  water  quality.  Fine  sediment 
deposition  appears  to  have  had  minimal  effect  on  habitat  quality,  since  10  "dinger"  taxa 
were  present  at  the  site;  these  included  the  perlid  Calineuria  califomica,  one  of  two 
stonefly  taxa  collected  here.  Complex  and  abundant  instream  habitats  seem  to  have 
characterized  the  river  in  this  reach.  Functionally,  filter-feeders  dominated  the  site, 
suggesting  abundant  fine  organic  particles  in  suspension.  All  other  expected  ftinctional 
components  were  present  as  well. 

The  moderate  impairment  of  biotic  integrity  assessed  by  the  metric  battery  at  the 
mouth  of  the  Tongue  River  seems  to  exaggerate  conditions  at  the  site.  Good  water  quality 
is  suggested  by  the  low  biotic  index  value  (4.48)  and  by  the  fact  that  the  site  supported  a 
considerable  number  of  Rhilhrogena  sp.  among  the  4  mayfly  taxa  found  there.  Seven 
"dinger"  taxa  comprised  nearly  50%  of  the  sampled  assemblage,  implying  that  fine 
sediments  did  not  obliterate  hard  substrate  habitats.  Sandy  areas,  indicated  by  the  large 
numbers  of  the  midge  Saetheria  sp.,  appear  to  add  complexity  to  instream  habitats  here. 
Filter-feeders  were  prominent  among  the  functional  components  of  the  community,  as 
were  gatherers,  the  abundance  of  these  groups  had  a  negative  effect  on  bioassessment 
metric  scores,  but  these  findings  are  expected  in  downstream  reaches  of  streams  and 
rivers.  Given  the  taxonomic  and  functional  composition  of  the  assemblage,  impairment  of 
biotic  integrity  seems  slight. 

CONCLUSIONS 

•     At  most  Tongue  River  sites,  good  water  quality  and  intact  instream  habitats  are 
suggested  by  the  taxonomic  and  fijnctional  composition  of  benthic  assemblages, 
in  spite  of  relatively  low  bioassessment  scores  at  some  sites.  High  mayfly  taxa 
richness  and  the  presence  of  sensitive  taxa  such  as  Rhilhrogena  sp.  at  several  sites 
strongly  support  the  hypothesis  of  generally  good  water  quality  at  these  sites.  The 
moderate  impairment  classification  assigned  to  the  site  at  the  mouth  of  the  river 
seems  to  exaggerate  the  disturbance  there.  However,  information  provided  by  the 
project  manager  (P.  Newby,  personal  communication)  suggests  that  dewatering 
and  the  resultant  elevated  water  temperatures  may  be  factors  in  the  relatively  low 
score  there. 
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